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The  Southern  Plains  of  Alberta. 


CHAPTER  I. 


INTRODUCTION. 


The  classic  description  of  the  southern  plains  of  Alberta 
is  to  be  found  in  the  report  by  Dr.  G.  M.  Dawson  on  the  region 
in  the  vicinity  of  the  Bow  and  Belly  rivers.'  This  report  gives 
a  wonderfully  true  interpretation  of  the  geology  of  the  region; 
and  later  and  more  detailed  work  has  served  to  confirm  in  the 
main  the  earlier  conclusions.  In  a  few  cases  fuller  information 
derived  from  sections  encountered  in  bore-holes  and  from  other 
sources  has  shown  that  minor  modifications  should  be  made  in 
the  correlation.  It  is  the  purpose  of  this  report,  mainly,  to 
bring  the  facts  recorded  by  the  earlier  observers  into  accord 
with  the  results  of  more  recent  work  and  with  this  purpose 
in  view  very  full  extracts  from  the  old  reports  are  reproduced. 

The  rocks  grouped  under  the  name  Belly  River  series  were 
definitely  determined  to  be  beneath  the  Pierre  shales,  though 
in  appearance  and  on  account  of  the  fossils  they  contained  they 
seemed  to  belong  to  a  series  of  transition  beds  at  the  top  of  the 
Cretaceous.  The  Judith  River  rocks  in  Montana  had  been  called 
Laramie  and  Foxhill  but  were  supposed  by  Dawson  to  be  the 
representatives  cf  the  Belly  River  series.  The  examination 
of  this  series  by  Stanton  and  Hatcher  for  the  United  States 
Geological  Survey  proved  that  Dawson's  contention  was  correct; 
but  the  United  States  geologists  restricted  the  name  Judith 
River  to  an  upper  series,  correlated,  by  tracing  surface  outcrops 
northward  to  Alberta,  with  the  pale  and  yellow  beds  of  the 
eastern  escarpments  of  Milk  river.'  Since  the  series  described 
in  Dawson's  report  as  the  Belly  River  i^as  been  found  to  consist 
of  at  least  three  main  members,  the  division  correlated  with  the 


<  Geol.  Surv.,  Can..  Rept.  of  Prog.,  1882-83-84,  pt.  C. 
•  Bull,  U.S.  GeoL  Surv.  Na  257.  p.  62. 


Judith  River  formation  is  only  a  part  of  the  scries.  Attention  is 
drawn  to  this  threefold  division  since  it  has  been  suggested 
that  the  name  given  by  Dawson  should  be  dropped,  as  it  was 
considered  to  be  synonymous  with  Judith  River,  which  had 
priority.  It  is  shown  in  the  descriptions  quoted  that  the  series 
in  Alberta  ran  be  correlated  with  fair  certainty,  with  the  group 
in  Montana  consisting  of  Judith  River.  Claggett,  and  Eagle 
formations.  It  is  necessary,  therefore,  to  retain  the  group 
name  Belly  River  series  for  the  undifferentiated  Alberta  equiva- 
lent of  the  three  Montana  formations. 

Now  that  the  Montana  series  has  been  subdivided  and  it 
has  been  shown  that  one  of  its  members  is  the  equivalent  of  the 
lower  Pierre  shale,  it  becomes  necessary  to  revise  the  earlier 
descriptions  of  the  Alberta  deposits  and  to  subdivide  them  in  a 
way  that  will  permit  of  the  differentiation  of  the  portions  that 
may  be  of  economic  value. 

The  examination  of  the  western  area  in  greater  detail  has 
shown  that  the  earlier  interpretation  of  the  structure  and  correla- 
tion by  Dawson  must  be  modified.  It  was  assumed  at  the  time 
the  first  reports  were  written  that  there  was  only  one  Pierre  shale 
horizon  and  a  certain  amount  of  confusion  necessarily  followed- 
^ndy  shale  exposed  in  the  ridge  near  Milk  River  station,  holding 
Pierre  fossils,  was  considered  to  be  an  extension  of  the  beds 
carrying  coal  seams  near  Lethbridge  and  to  represent,  therefore, 
the  lower  part  of  the  upper  Pierre;  the  measures  overlying  these 
at  the  summit  of  the  ridge,  were  taken  to  be  the  equivalent  of 
similar  beds  exposed  on  Milk  river  below  the  forks,  which,  to 
the  south  and  east,  overiay  certain  light-coloured  shales  and 
sandstones  (Milk  River  sandstones)  then  thought  to  represent 
the  pale  and  yellow  beds  at  the  top  of  the  Pierre;  these  supposed 
pale  and  yellow  beds  were  observed  to  rest  on  Benton  shales 
in  Rocky  Spring  plateau  and,  therefore,  certain  shales  under- 
lying the  true  pale  and  yellow  beds  east  of  Pakowki  coulee  were 
assumed  to  be  Benton. 

Thus  it  was  that  shales  that  are  now  known  to  lie  between 
the  upper  and  lower  divisions  of  the  Belly  River  series  were  in 
one  instance  placed  above  that  series  and  in  the  other  below  it. 


■I 


CHAPTER  II. 
GENERAL  CHARACTER  OF  THE  DISTRICT. 

TOPOGRAPHICAL  FEATURES. 

The  area  covered  by  the  accompanying  map  and  report 
may  be  described  as  a  plain  sloping  gently  northward  from  an 
elevated  region  near  the  International  Boundary  to  the  wide 
depression  occupied  by  the  waters  of  the  Oldman  and  South 
Saskatchewan  rivers.  To  the  southwest  of  this  plain  rises  the 
elevation  known  as  Milk  River  ridge,  part  of  an  outlying  series 
of  hills  in  front  of  tne  foothills;  to  the  south  and  just  across  the 
boundary  line,  in  Montana,  rise  the  three  intrusive  masses  known 
as  the  Sweet  Grass  hills;  and  to  the  east  lies  the  elevated  plateau 
country  crowned  by  the  Cypress  hills. 

River  Valleys. 

This  plain,  surrounded  on  three  sides  by  higher  country 
is  scored  by  three  valleys  that  have  formed  part  of  a  drainage 
system  not  dependent  on  the  present  surface  conditions  and 
that  are  assumed  to  have  been  formed  during  the  period  of  the 
recession  of  the  Glacial  ice-sheet.  These  valleys,  known  as 
Chin,  Etzikom,  and  Verdigris  coulees,  are  now  dry.  Other 
valleys,  including  Milk  River  valley  and  the  trench  cut  by  the 
waters  of  Oldman  and  South  Saskatchewan  rivers,  are  now 
occupied  by  streams.  All,  with  the  exception  of  part  of  the  Milk 
River  valley,  bear  evidences  of  youth,  and  some  of  them  have  had 
only  a  short  period  of  use  before  being  abandoned.  They  point 
to  a  temporary  diversion  of  the  waters  of  the  St.  Mary,  Belly, 
and  Oldman  rivers  eastward  across  the  plain  by  successively 
lower  outlets.  Thus,  for  a  short  time  the  water  reached  Milk 
river  by  Verdigris  coul4e  but  later  flowed  across  the  plain  in 
an  eastern  direction  to  the  Pakowki  Lake  depression  and  during 
this  period  carved  out  Etzikom  coulee.  The  draina^  '-iring 
these   two  periods  of  diversion   appears   to  have  re.  the 

Missouri  by  way  of  the  lower  part  of  the  Milk  Rive.-  .alley. 


The  channel  known  as  Chin  coul6e  seems  to  indicate  that 
the  further  recession  of  the  ice  barrier  caused  another  diversion 
of  the  water  and  its  return  to  the  south  Saskatchewan  by  the 
northward  trending  channel  known  as  Sevenpersons  coulee. 
The  channel  along  this  diversion  is  eroded  in  t:  neral  to  a  greater 
depth  than  that  by  way  of  Etzikom  coul6e,  so  that  it  probably 
was  occupied  for  a  longer  time  than  was  Etzikom;  and  as  it  enters 
higher  country  and  is  cut  to  an  even  grade  through  it,  the  infer- 
ence is  that  it  drained  a  lake  basin.  A  lowering  of  the  water 
to  a  second  stage,  owing  to  an  '^e  dam  east  of  the  mouth  of  Bow 
river,  is  indicated  by  an  old  channel  showing  a  lower  •  ttlet  to 
Sevenpersons  coulee  by  way  of  Fortymiie  and  Grassy  Lake 
depressions.  During  this  period  the  united  streams  above  the 
glacially  dammed  lake  commenced  cutting  the  present  channel 
through  boulder  clay  and  stratified  deposits  which  back  filled 
the  former  valley  at  Lethbridgc,  and  no  doubt  much  of  the  debris 
was  collected  in  a  lake  formed  in  the  depression  above  the  junc- 
tion of  Oldman  and  Bow  rivers.  There  is  in  the  country  just 
south  of  the  river  here,  an  extra  deposit  of  sand  on  the  surface, 
forming  distinct  sand  hills.  The  lake  does  not  seem  to  have  been 
of  long  duration,  and  the  removal  of  the  ice  dam  allowed  the 
stream  to  follow  a  shorter  course,  somewhat  as  at  present. 
The  channel  now  in  use  bears  evidence  in  its  canyon-like  char- 
acter of  rapid  excavation  (Plate  IV). 

Milk  River  valley  in  Canada  consists  of  two  distinct  parts 
historically:  a  pre-Glacial  valley  (Plate  VI),  starting  in  Milk 
River  ridge,  and  following  a  northerly  course  through  Pakowki 
lake  to  the  Saskatchewan  by  way  of  Sevenpersons  coulee;  and  a 
post-Glacial  valley  (Plate  Vj,  excavated  when  the  increased 
drainage  was  forced  south  by  an  ice  dam  which  occupied  the 
lowlands  to  the  north.  The  newer  channel  is  gorge-like  in  the 
portion  to  the  east  of  Pakowki  coulee;  and  as  the  rocks  cut 
through  are  soft  it  may  be  inferred  that  it  quickly  attained 
the  general  grade  of  the  o!  '  valley,  so  that  on  the  removal  of  the 
diverted  northern  drainage,  a  small  stream  occupying  the  old 
upper  part  of  the  valley  continued  the  occupation  of  the  new 
course  to  the  Missouri. 


Plains. 

The  following  descriptions  of  the  plains,  written  by  Dawson 
in  1884,  gives  a  clear  picture  of  the  field  under  consideration. 

'"The  plains  proper  may  be  considered  as  extending  westward 
to  the  foot-hills  near  the  St.  Mary  River  in  the  vicinity  of  the 
49th  parallel,  but  further  north,  find  their  western  limit  at  the 
base  of  the  Porcupine  Hills.  Their  surface  is  generally  undulat- 
ing or  rolling,  though  in  .some  localities  considerable  tracts  occur 
which  are  almost  perfectly  level.  The  undulations  vary  much 
in  amount  locally,  but  are  seldom— and  then  only  in  limited 
areas— entitled  to  be  called  hills.  Deep,  trough-like  valleys, 
occupied  by  rivers,  or,  in  some  cases,  by  quite  inconsiderable 
streams,  and  then  denominated  'Couldes'  trench  the  plains  at 
intervals,  but  wide  intervening  areas  are  entirely  destitute  of 
drainage  channels,  the  rainfall  collecting  in  lakes,  or  in  the  in- 
numerable small  pools  and  sloughs  which  dot  the  surface,  but 
which  frequently  dry  up  completely  during  the  summer.  Rising 
above  the  general  level  are  a  number  of  elevations  which  are 
generally  called  'ridges,'  but  are  properly  speaking  plateaus. 
The  heights  of  these  seldom  exceed  by  more  than  one  hundred 
or  two  hundred  feet  that  of  the  surrounditig  plain,  and  their 
slopes  are  usually  very  light.  As  viewed  from  a  distance, 
however,  in  this  flat  country,  they  are  frequently  conspicuous 
objects,  and  are  generally  in  close  and  evident  connection  with 
the  geological  structure.  The  more  important  of  these  may  be 
enumerated  as  follows:— Milk  River  Ridge,  west  of  the  MacLeod- 
Benton  trail  and  north  of  the  Milk  River,  average  elevation 
4,100  to  4,200  feet.  Belly  Butte  and  associated  ridges  bttwetn 
the  St.  Mary  and  Upper  Belly  Rivers,  running  eastward  into 
Wild  Turnip  Hill.  The  Chin,  on  Chin  Coulee,  forming  the  west- 
ern end  of  a  d'ffuse  plateau.  Plateau  south-east  of  Lake  Pa- 
kowki,  and  high  ground  stretching  eastvvv-<rd  from  ;hc  Three 
Buttes.  Bull's  Head,  east  of  Seven  Perso  River,  forming  the 
southeastern  front  of  the  Peace  Buttes.  lack  Spring  Ridge, 
elevation  3,550  feet.  The  Thigh  Hills.  iBuffalo  Hills,  3,850 
feet.     The  Rocky  Buttes,  about  3,100  feet.     Spy  Hill,  Carcase 

'  Gcol.  Surv..  Can.,  Kept,  of  Prog..  1882-83-84,  pt.  C.  pp.  8-9. 


Hill,  Spring  Hill,  and  Little  Rolling  Hills.  Outer  and  Inner 
Rainy  Hills,  about  2,700  feet.  Wintering  Hills,  about  3,000 
feet.  The  Hand  Hills,  with,  according  to  Dr.  Hector,  an  elevation 
of  3,400  feet. 

"The  general  uniformity  of  the  surface  of  the  country  is 
largely  due  to  the  covering  of  boulder-clay  and  other  drift  de- 
posits. These  have  been  apparently  laid  down  in  greatest 
thickness  in  the  pre-existing  hollows,  while  the  higher  plateaus 
are  comparatively  thinly  covered;  and  the  result  has  been  the 
general  levelling  up  of  the  surface,  and  the  production  of  wide 
flat  plains  in  the  less  elevated  tracts.  The  underlying  Cretaceous 
and  Laramie  rocks  are  seldom  seen  except  in  the  scarped  banks 
of  rivers  and  streams.  The  same  circumstance  has  caused  a 
remarkable  uniformity  in  the  general  character  of  the  soil,  which, 
below  the  sod,  is  usually  composed  of  the  rearranged  materials 
of  the  boulder-clay.  It  may  be  described  generally  as  a  clayey 
loam,  of  brown  or  grey  tint,  and  mingled  locally  with  a  v.rying 
proportion  of  gravel.  Gravel  is  most  usually  found  in  the  sub- 
soil in  the  higher  tracts,  and  is  almost  or  altogether  wa.itmg  in 
many  of  the  lower,  which  are  characterized  by  fine  water-deposit- 
ed loam.  No  large  areas  of  loose  sandy  soil,  or  sand-hills,  have 
been  observed  in  this  district,  the  most  extensive  covering  only 
a  few  square  miles,  of  these  the  following  may  be  noted: — ^Sand 
hills  north  and  east  of  Lake  Pakowki.  About  forks  of  Bow  and 
Belly  Rivers.  In  the  south  bend  of  the  Belly  east  of  Little 
Bow.  Near  the  mouth  of  the  Little  Bow.  The  Drifting  Sand 
Hills,  and  the  Peigan  Sand  Hills  west  of  Blackfoot  Crossing 
and  near  the  Bov/  River. 

"In  a  few  places  the  surface  is  pretty  thickly  strewn  with 
boulders,  but  these  areas  are  quite  inconsiderable,  and  the 
prominence  of  the  boulders  is  generally  to  be  traced  to  the  removal 
by  denudation, — owing  to  some  local  circumstance — of  a  con- 
siderable depth  of  the  finer  materials  of  the  drift.  The  general 
absence  of  boulder-strewn  tracts  thus  shows  how  small  must 
have  been  the  effect  of  denudation  since  the  deposition  of  the 
boulder-clay  and  other  glabial  materials. 

"Speaking  generally,  the  soil  may  be  described  as  fertile, 
and  in  some  places  is  eminently  so,  but  over  a  large  part  of  these 


plains  the  rainfall  is  probably  too  scanty  for  the  successful 
growth  of  crops.  The  surface  is  almost  uniformly  grassed,  and 
no  tracts  of  an  absolutely  barren  or  desert-like  character  occur. 
The  grass  is  usually  the  short  crisp  variety  known  as  "buffalo 
grass,"  which  becomes  to  all  appearance  dry  about  midsummer, 
but  is  still  green  and  growing  at  the  roots,  and  forms  nutritious 
pasture  both  winter  and  summer.  In  some  particularly  dry 
areas  about  the  lower  Bow  River,  the  grass  becomes  scanty, 
but  on  almost  all  the  plateaus  above  enumerated  it  is  particularly 
good,  while  a  heavy  growth  of  grass  suitable  for  hay  is  found  in 
many  of  the  river  bottoms,  and  surrounding  the  numerous  lakes 
and  sloughs.  This  whole  region,  a  few  years  since,  contained 
numerous  herds  of  buffalo,  and  though  these  have  now  practically 
disappeared,  it  will  not  be  long  before  they  will  be  replaced  by 
cattle  and  horses. 

"The  entire  region  of  plain  included  on  the  map  may  be 
characterized  as  treeless,  and  except  in  the  river  valleys,  or  here 
and  there  in  some  steep-s'  led  coulee,  no  arboreal  or  shrubby 
growth  of  any  kind  exists. 


Milk  River  and  Country  in  its  Vicinity. 

•"Milk  River  rises  in  the  foot-hills  south  of  the  49th  parallel 
and,  crossing  that  line  near  the  11.3th  meridian,  pursues  a  course 
not  far  north  of  the  parallel  for  a  distance — without  taking 
into  consideration  its  minor  flexures — of  one  hundred  and  three 
miles,  within  the  limit  of  the  present  map.  A  short  distance 
beyond  the  eastern  edge  of  the  map,  it  recrosses  the  49th  parallel 
on  its  course  to  join  the  Missouri.  It  is  known  as  Kenuhsisuht 
or  Little  River  by  the  Blood  Indians  and  possesses  some  peculiar 
and  interesting  features.  In  that  part  of  its  course  above  defined 
it  receives  besides  the  South  Branch  which  is  about  equal  to  the 
main  river  or  North  Branch,  a  few  small  tributaries  from  the 
south,  of  which  Red  Creek  is  the  most  important,  and  probably 
holds  running  water  at  all  seasons.  The  tributaries  from  the 
north  are  all  very  small  brooks,  even  at  times  of  high  water. 
The  river  cannot  be  considered  as  navigable  even  for  canoes. 

>  Ibid.,  pp.  13-20. 


It  IS  rapid  and  in  some  parts  of  its  course  very  tortuous  on  a  small 
scale,  hut  m  many  places  difficult  to  cross  on  account  of  quick- 
sands.     In  the  season  of  1874-a  more  than  usually  dry  year- 
Ti^Z^'u''  bed  completely  dry  in  some  places  a  few  miles  south 
of  the  49th  parallel,  a  short  distance  east  of  the  limit  of  the  present 
map.     Between   the   113th  and   112th   meridians,  the  country 
has  a  Reneral  northward  slope,  which,  on  the  MacI.eod-Benton 
trail   from  the  hijjh  southern  edge  of  the  Rocky  Spring  Plateau 
to    the   49th    parallel-a    distance   of    twelve    miles-amounts 
to  405  feet,  or  about  thirty-four  feet  to  the  mile.    The  wide 
clayey  and  barren  plain  southeast  of  this  plateau  has  an  elevation 
several  hundred  feet  less  than  that  of  the  IxkI  of  the  Milk  River 
in    the   same   longitude.     Between    the   MacI.eod-Benton    trail 
and  the  flank  of  the  West  Butte,  near  the  49th  parallel,  are  several 
wide  .rregular  trough-like  valleys,  holding  very  small  streams, 
or  entirely  without  flowing  water,  ff.r  which  the  present  conditions 
of  the  country  fail  to  account.     The  drainage  of  the  northern 
flanks  of  the  Buttes.  which  is  very  small  in  amount,  also  finds  its 
w-ay  to  the  Milk  River  by  a  system  of  valleys,  some  of  which  are 
of  considerable  dipth. 

*'In  the  report  on  the  Geology  and  Resources  of  the  49th 
r  u  1','.,  ^^'^  described  the  general  aspect  of  the  country  south 
of  the  Milk  River,  and  west  of  the  West  Butte  in  the  following 
terms:— As  compared  with  the  tract  east  of  the  Butte  and  south 
of  the  Cypress  Hills,  it  improves  in  appearance,  and  shows 
evidence  of  a  greater  rainfall,  and  the  cactus,  grease-wood  and 
Artemtsia  cease  to  appear.  It  is  generally  much  broken,  but 
shows  evidence  of  a  former  more  elevated  surfac-,  in  somewhat 
extensive  flat-topped  hills,  which,  when  ascended,  are  found  to 
be  nearly  of  equal  height.,  and  show  much  drier  and  more  gravelly 
soil  than  elsewhere  found  in  the  region.  There  is  usually  a 
close  thick  growth  of  grass,  and  the  swamps  and  sloughs,  which 
are  numerous,  generally  hold  grasses  and  Carices  to  the  exclusion 
of  the  rushes  formerly  most  abundan  , 

"Three  wide  valleys  join  the  Milk  River  from  the  north— 
tlie  Lonely  Valley.  Verdigris  Coulee,  and  the  Lake  Pakowki 
Louise.  The  two  first  carry  very  small  streams  and  the  latter 
IS  dry.     In  fact,  at  a  distance  of  a  few  miles  north  of  the  Milk 


River,  the  wliolc  country  is  Ik'Idw  the  levil  of  it-.  Ind.  Thus, 
five  miles  northwest  of  the  ;)oint  at  which  it  first  crosses  the  40th 
parallel,  the  plain  is  fifty-scvon  feet  lower  than  tiie  ne.irest 
part  of  the  river.  Twelve  miles  north-west  of  the  month  nf 
Lonely  V'alley,  l)cyon(l  the  Milk  Kivcr  RiilKe,  it  is  one  hundred 
and  seventy  feet  lower,  eight  and  a  half  miles  north-west  of  the 
MacLeod-Benton  trail-crossing,  nearly  on  the  course  of  the  trail 
thirty  ^  feet  lower.  The  most  rcn>  'rkat)k'  instance  is  found, 
however,  in  the  Lake  I'akowki  Coulee,  ere  the  south-western 
arm  of  the  lake  reaches  to  within  three  and  a  half  miles  of  the  river 
but  is  eighty  feet  lower  than  it.  Here,  by  a  small  cuttiiiK,  the 
river  might  Im.-  turned  into  the  lake,  and  would  then  llt)w  round 
by  Many  Berries  Crock,  returning  to  the  present  valley  near  its 
intersection  with  the  49th  parallel. 

"The  Milk  River  thus  actually  occupies  the  centr^l  line 
of  a  long  broken  plateau  region,  of  which  the  Milk  Riv^  'Ige, 
the  Rocky  Spring  Plateau  at:d  other  elevations,  constitute  the 
higher  parts,  and  its  waters  at  the  [K)int  at  which  it  first  crosses 
the  49th  parallel  are  at  a  greater  clovatinn  than  those  of  any 
nf  the  other  large  str.'ams  in  the  district,  except  when  these  are 
in  the  immediate  vicinity  of  the  mountains.  The  greater  part  of 
the  Milk  River  Ridge,  and  a  consir  rabic  portion  of  the  Rocky 
Spri.ig  Plateau  exceed  4,000  feet  in  ckvation. 

"The  countr>'  in  the  immediate  vicinity  of  the  river-valley 
from  the  IL^th  meridian  to  the  point  at  which  the  MacLeod- 
Benton  trail  crosses,  may  be  described  as  generally  affording 
fair  to  gotxl  pasturage.  The  lower  tracts  and  valleys  arc  in- 
variably covered  with  good  grass,  while  some  of  the  higher 
tracts  are  gravelly  and  rather  bare.  The  valley  itself  probably 
averages  about  a  mile  ia  width — though  narrow  and  about  300 
feet  deep  for  a  few  miles  below  Lonely  Valley — and  invariably 
produces  very  fine  grass,  of  which  a  considerable  portion  is 
sufficiently  long  to  be  cut  as  hay.  The  Milk  River  Ridge,  to 
the  North,  is  elsewhere  more  fully  described.  Its  surface  though 
high,  is  well  grassed,  and  dotted  with  numerous  sloughs  and  pools. 
It  will  constitute  a  fine  summer  grazing  ground.  No  arboreal 
or  shrubby  vegetation  is  met  with  except  a  few  bushes  in  one  or 
two  deep  coulfe. 
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"For  about  seven  mile,  east  of  the  trail-crowing,  the  valley 
.  remarkably  w.de  with  low  sloping  bank,  in  many  place.,  but 
CoX  r  ''f!^""''^°fT^-     Thence  to  the  mouth  of  VerdigrU 
Cou^  .t  seUom  exceed,  half  a  mile  in  width,  and  the  pasturfge 
to  the  north  for  wme  distance  is  rather  short  and  indifferent 
No  wood  occurs  m  the  Verdigris  Coulee,  which  i.  a  trough-like 
valley  about  threeK,uarters  of  a  mile  wide,  and  hold.  «vera! 
lakes  m  it.  cour.e.     From  this  point,  for  eight  mile.,  the  Milk 
R.T     i7  "Pands.  and  is  about  a  mile  wide  north  of  the  West 
Butte.     The  bottom  is  well  grassed,  and  small  grove,  of  cotton- 
wood  occur  m  It.    Sandstones,  which  weather  into  monumenul 
and  fantastic  forms,  elsewhere  fully  described,  border  its  sW« 
The  ^turage   m   the  plains   immediately   to   the   northward 
may  be  characterized  as  fair,  though  occasional  patches  of  cactu. 
occur. 

"The  river  next  turns  abruptly  to  the  north,  in  a  comparative- 
b^narrow  valley,  while  a  wide  trough,  evidently  that  formerly 
occupied  by  the  stream,  and  known  a.  Dead  Horse  Coul^. 
continues  in  the  mam  direction  for  six  miles  when  it  is  rejoined 
by  he  nver.  Thence  to  the  Pako  vki  Coulte  the  valley  is  at 
least  fifty  and  sometimes  over  one  hundred  feet  deep.  It  con- 
tinues wide,  and  the  edge  of  a  low  diffuse  p..teau  runs  neariy 
parallel  to  it  some  miles  to  the  north.  The  country  between  the 
nver  and  the  plateau-edge  affords  fair  to  good  pasturage,  and 
rKiols  and  swamps  are  in  some  places  frequent.  The  level  of 
the  plateau  further  to  the  north  slightly  exceeds  3.000  feet. 

Growth" rh"ff?^  '"'■^''^'  ^"'^  «'^"^^^"y  ^'^"^d^  ^  8«^  -^ose 
growth  of  buffalo-grass.     It  is  diversified  by  numerous  small 

pools  and  swamps,  most  of  which  become  dry  before  the  end  of 
the  summer. 

Th.  7r  l^n"''^^!  *:°"'^  "'"  ^^"^y  ^^^'"  *»°'d«  a  few  trees. 
The  Pakowk.  Coulee  between  the  river  and  arm  of  the  lake  is 
vnde  and  flat^bottomed  with  patches  of  sage  brush  and  some 
good  grass.     From  this  place  to  the  edge  of  the  map,  the  Milk 

wir^'^l  K  '°"?"'f  '''^''  ^"*  •'  ^""P  ^"d  forbidding  in  aspect, 
with  high  bare  clay-banks  and  a  few  proves  of  trees.  Them:^ 
to  the  point  at  which  it  finally  crosses  the  49th  parallel   it  is  in 
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some  plaa»s  vpr>'  'Iccp  and  dilTicult  of  access  but  is  nevi-r  without 
well  grown  tottonwcxxl  tret-s. 

"Fakowki  is  the  largest  lake  in  the  district  emiiruced  hy 
the  present  report.  It  i»  very  irregular  in  shape,  holds  several 
island!*,  and  is  evidently  shallow.  The  north-west  and  south- 
west arms  arc  bordered  by  high  banks,  and  iloubtless  represent 
old  drainage  channels,  but  the  country  on  liie  north-east  side 
is  low,  and  as  viewed  from  a  distance  presents  wide  areas  of 
bare  md  hills.  The  water  is  of  a  greyish  milky  colour  and  slight- 
ly saline. 

"The  following  description  of  the  Three  Buttes  and  their 
vicinity  is  again  quoted  from  my  report  on  the  Geology  and 
Resources  of  the  49th  parallel :— The  isolated  mountains  called 
by  the  half-breed  hunters  Montagnes  du  Foin  de  Senttur,  are 
known  to  the  traders  of  the  Missouri  region  as  the  'Sweet  Cirass 
Hills.'  They  are  roughly  indicated  on  most  go<xl  maps  of  the 
west,  and  are  there  found  under  the  geographical  apjx'llation  of 
the  'Three  Buttes."  As  indicated  by  the  latter  name  there  are 
three  distinct  mountain  masses.  A  line  passing  from  the  jK-ak 
of  the  eastern  through  the  central  mass  of  the  West  Butte,  would 
have  a  direction  of  about  N.  70°  VV.,  the  central  Butte  lying 
between  them,  but  some  miles  to  the  south.  The  highest 
summits  are  those  of  the  eastern  and  western  Buttes,  which  are 
about  twenty  n.iles  apart,  and  rise  nearly  .1,0(M)  feet  above  the 
level  of  the  plains  at  their  base.  The  height  of  the  summit  of 
the  East  Butte,  as  ascertained  by  the  aneroid  barometer,  and 
taking  the  mean  of  iwo  re.idings  separated  by  about  an  hour, 
is  6,200  feet.  That  of  the  West  Butte  was  found  to  be  2,746  feet 
above  the  depot  camp  at  its  ase,  by  comparison  with  nearly 
simultaneous  readings  there;  c^nd  taking  the  height  of  the  latter 
locality  at  3,737  feet,  the  height  of  the  West  Butte  alx)ve  the 
sea  would  be  6,483  feet. 

"The  central  masses  of  the  Buttes  are  composed  of  eruptive 
trappean  rock,  and  around  them  the  previously  horizontal  beds 
of  the  plains  have  been  tilted  up,  those  immediately  surrounding 
the  igneous  masses  resting  at  very  high  angles.  The  West  Butte 
is  che  most  important,  and  forms  quite  a  little  mountain  region, 
having  numerous  peaks  and  ridges,  with  round  or  blunted  tops, 
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and  deep,  almost  precipitous,  valleys.     The  East  Butte  is  next 
in  importance,  and  consists  of  four  main  peaks,  arranged  nearly 
as  the  angles  of  a  square.     The  north-western  of  these  is  the  most 
prominent  and  conical;  the  south-western  is  round-topped  and 
connected  with  the  north-western  by  a  ridge,  and  not  far  below 
It  in  height.     The  north-eastern  and  south-western  summits  are 
nearly  equal  in  elevation,  but  considerably  less  than  the  others 
The  central  Butte  was  not  ascended,  but  appears  to  be  notably 
smaller  than  the  others.     It  has,  however,  an  exceedingly  sym- 
metrical conical  form,  as  viewed  from  almost  every  direction 
and  Its  slopes  must  form  an  angle  of  nearly  45°  with  the  horizon. 
Like  the  Last  and  West  Buttes  it  is  surrounded  by  grassy  foot- 
hills, which  are  especially  prominent  on  its  northern  slope. 

"The  height  and  mass  of  the  Buttes  is  sufficient  to  cause  the 
formation   and   arrest  of  clouds   in    their   immediate   viVin-'ty. 
where  the  rainfall  is  in  consequence  much  more  copious.    These 
mountains  and  the  broken  ground  around  them  form  a  favourite 
haunt  of  the  buffalo  (in   1874)  where  they  find  abundance  of 
food  and  water.     The  springs  arising  from  some  parts  of  the 
Buttes  are  very  copious,  and  form  streams,  which,  on  leaving  the 
shelter  of   the  wood«J   valleys  and   issuing  on   the  plains  are 
rapidly  absorbed  by  the  dry  soil  and  atmosphere,  at  least  in 
the  summer  season.     One  of  these  was  observed  to  be  a  rapidly 
flowing  brook  during  the  night  and  morning  hours,  butintheafter- 
noon  became  quite  dry.     The  timber  of  the  Buttes  is  chiefly 
pine;  much  of  it  has  been  burned,  but  it  shows  a  tendency  to 
renew  itself.     The  trees  are  not  of  great    size  and  generally 
in     somewhat     inaccessible     parts     of     the     mountains      but 
cannot   be   considered   unimportant   in   a  country  so   treeless. 
A  few  of  the  plants  found  at  elevations  above  6,000  feet  in  the 
Rocky  Mountains  appear  also  on  the  summits  of  the  Buttes. 
"The  following  paragraph,  though  written  in  1874  and  refer- 
ring to  conditions  obtaining  at  that  time,  may  also  still  have  some 
interest:— The  country  surrounding  the  Buttes  is  said  to  have 
been  for  a  long  time  a  neutral  ground  between  various  tribes  of 
Indians.     That  it  has  been  so  is  evidenced  by  the  almost  com- 
plete absence  of  buffalo  bones  in  the  neighbourhood,  and  the  rare 
occurrence   of   the  circles  of  stones   marking  camping  places. 
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The  region  is  at  present  a  debatable  ground  between  the  Black- 
feet,  Peigans,  and  Bloods  of  the  west;  the  Sioux  and  Assiniboincs 
of  the  east,  and  the  (rows  and  other  tribes  of  the  Upper  Missouri. 
It  is  not  passed  through  save  by  war  parlies  strong  in  numbers 
and  travelling  rapidly.  Ten  miles  north  of  the  Middle  Butte 
the  Ixxiies  of  over  twenty  Crow  Indians  were  found,  unburied, 
on  the  scene  of  a  conflict. 

Plains  between  Milk  River  and  Oldman  River. 

"Beyond  the  region  of  plateau  and  high  plain  which  borders 
Milk  River  valley  on  the  north,  the  whole  surface  of  the  country 
slopes  gradually  northward  toward  the  Belly  River,  till,  between 
Coal  Banks  and  the  Chin  the  elevation  is  about  3,000  feet, 
and  between  Seven  Persons  River  and  the  South  Saskatchewan 
about  2,500  feel  only.  It  must  not  be  supposed,  however,  that 
the  surface  is  quite  uniform.  Besides  the  valleys  of  some  impor- 
tant coulfe,  several  low  plateaus  appear,  of  which  the  Chin, 
and  that  midway  between  Seven  Persons  River  and  the  Saskat- 
chewan are  most  important.  The  Bull's  Head  constitutes  the 
most  prominent  portion  ^-f  a  still  more  elevated  plateau  at  the 
extreme  east  of  the  map  known  as  the  Peace  Buttes.  Ten  miles 
southeast  of  Coal  Banks  a  limited  tract,  characterized  by  irregular 
low  hills,  is  crossed  on  the  MacLeod-Benton  trail.  The  region 
south  of  the  Belly,  between  Driftwood  Bend  and  its  mouth, 
is  rolling  or  rather  hilly,  with  intervening  pools  and  lakes.  Some 
small  sandhills  also  occur  immediately  south  of  the  confluence 
of  the  Bow  and  Belly.  South  of  the  crossing  of  Seven  Persons 
River  by  the  Cypress  trail,  is  another  broken  hilly  tract,  apparent- 
ly composed  of  drift  materials,  and  strewn  with  numerous  bould- 
ers. To  the  south  of  this  is  a  valley  three  miles  wide,  not  re- 
sembling that  of  a  river  or  related  to  that  of  any  existing  stream. 
The  bottom  slopes  gently  southward,  but  the  main  course  of 
the  valley  is  nearly  east  and  west.  This  is  again  bordered  to 
the  south  by  a  well-marked  hilly  ridge,  which  separates  it  from 
the  Lake  Pakowki  valley,  and  it  is  also  about  three  miles  wide. 
"The  Chin  Coulee  is  the  most  remarkable  of  the  valleys 
traversing  this  part  of  the  plain,  and  from  the  Chin  to  its  junc- 
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tion  with  Peigan  Creek  at  the  eastern  crossing  of  the  Cypress 
trail,  has  a  length  of  nearly  seventy  miles.     It  is  a  trough   S 

I  e  in  .h         ,>  T  '^'  P''"'"'^  '^^■^'-     ^  ""'"ber  of  small  lakes 

he  .n  the  valley  and  are  connected  by  a  little  flowing  water  a 
seasons  of  flo«l,  but  during  the  summer  some  of  them  dry  up 
completely.     Boulders  are  quite  abundant  in  some  places,  having 
been  concentrated  by  the  removal  of  the  finer  portion  of  the  d  if? 

number  of  places  m  ,ts  banks.    On  the  south  side  a  Iktle  scrub 
occurs^  and  m  the  bottoms  occasional  thickets  of  sage  brush 
The  Forty-m.le  Coul4e  which  joins  it  from  the  northwest  is 
s.m.lar  m  character,  but  both  this  and  the  upper  part  of  the  Chin 

t?et:i,Xer"  '''  °"  '^'''''  ''^^^  ^^'^^  ^'^  ^^^  °" 
"The  Peigan  Creek  above  alluded  to.  is  really  th     upoer 

evidently  of  more  recent  ongm  than  the  Chin  Coulee,  and  when 

in  It  to  the  South  Saskatchewan  River.      .  .,e  valley  of  the  Seven 
Persons  River   north  of  the  Cypress  trail,  therefore,  con^tUutes 

It  holds,  at  least  in  its  upper  part,  a  few  small  trees 

'South  of  the  Chin  Coulee  is  a  second  and  very  similar 
valey^ which  runs  in  a  nearly  parallel  direction  at  a^distance 
of  from  SIX  to  eleven  miles,  and  may  be  noted  by  its  Blackfoot 
name   Etzi-kom.     This   valley  also   holds  severa'  small   lakes 
and  at  its  eastern  end  contains  a  small  stream  which  flows  into 

he  north-west  arm  of  Lake  Pakowki.  The  coulee  originates 
Benton  7'°?  "T-  °  'K  ^^'fteen-mile  Butte  on  the  MaLod- 
Benton  trail.  Kipp's,  Middle,  and  Ed.  Mahan's  Coul6es- 
c  ossed  south  of  this  point  by  the  same  trail-were,  by  the  ex- 
ploration of  1883.  found  to  be  branches  of  Verdigris  Coulte  the 
rnouth  of  which  has  already  been  referred  to  in  connection  whh 
the  description  of  Milk  River.  There  are  in  all  seven  lakeTSn 
\erd,gr.s  Coulee  east  of  the  MacLeod-Benton  trail.  Of  these 
the  largest  is  about  seven  miles  in  length.  This  coulee  in  its 
steep  banks  and  flat  bottom  resembles  those  above  described 
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and  like  them  cannot  be  accounted  for  by  the  present  conditions. 
Not  only  do  the  small  streams  now  flowing  into  it  lose  themselves 
in  its  lakes  so  completely  that  not  even  a  permanent  flood- 
channel  connects  the  lakes  in  its  upper  part,  but  its  bed  is  almost 
absolutely  flat  from  the  trail-crossing  of  its  upper  branches  to 
its  mouth  on  the  Milk  River. 

"As  a  grazing  country,  the  region  of  pilains  between  Milk 
River  and  the  Belly  may  be  described  generally  as  of  fair  quality. 
It  varies  from  indifferent,  to  fair  and  good,  and  may  be  clat;sed 
as  very  good  in  a  few  limited  tracts.  The  best  and  most  ex- 
tensive areas  of  grazing  land  are  found  in  the  vicinity  of  the 
MacLeod-Benton  trail  and  westward,  including  the  Milk  River 
Ridge  region;  between  Cherry  Coulee  and  the  Seven  Persons 
River  north  of  the  Cypress  trail;  south  of  the  Cypress  trail 
near  the  11 1th  meridian;  and  west  of  Lake  Pakowki,  in  the  angle 
between  it  and  the  Milk  River. 

"The  cairn  on  the  south  side  of  the  Saskatchewan  near  the 
confluence  of  the  Bo  •  and  Belly  is  regarded  with  much  veneration 
by  the  Indians  who  call  it  Omaxokotok,  but  I  have  been  unable 
to  discover  any  reasonable  explanation  of  its  origin  or  meaning. 
It  is  a  pile  of  rough  boulders  about  six  feet  in  height,  with  a 
breadth  of  base  of  about  fifteen  feet,  and  occupies  a  commanding 
situation  on  he  brow  of  the  hill  overlooking  the  river.  A  few 
other  small  cairns  occur  in  this  district,  but  are  probably  only 
landmarks.  Ten  miles  south  of  the  Cypress  trail  on  the  111th 
meridian,  and  in  a  few  other  places,  some  old  stone-piles,  now 
nearly  imbedded  in  the  sod,  appear  to  cover  shallow  graves. 
In  the  Etzikom  Couk-e,  a  couple  of  miles  from  Lake  Pakowki, 
a  cairn,  apparently  of  ;.-"  ty  recent  date,  probably  marks  the 
scene  of  a  fight,  as  some  luugh  low  breastworks  of  bouiders  were 
also  noticed  there." 


Oldman  and  South  Saskatchewan  Rivers.^ 

^"The   Oldman   river  with   the   upper   part  of   the  South 
Saskatchewan  occupies  the  centre  of  a  wide  depressed  area, 

'  The  lower  portion  of  Belly  river  of  Dawson's  report  is  now  known  as  a  part  of  Oldman 
river. 

'  Ibid.,  p.  73. 
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which  runs  across  the  entire  district  with  a  course  a  fr«,  ^»„ 
north  of  east.    This  important  feature  origfn^s  at  thl^    T'' 
precisely  opposite  the  remarkable  ..pT^llTj:^^^:':^^ 
the  outer  ranges,  and  both  are  doubtless  due  to  some  Snera 
structural  crcumstance  not  yet  clearly  ascertained"    '      "' 
At  Coal  Banks  ferry,  (Lethbridge  of  the  present  manO  th. 
high  water  channel  of  the  river  is  437  feet  wde     StK 
Po.nt  it  runs  northward  for  twelve  miles  to  Bg  Island  Bend' 
The  pra.rje  level  is  300  feet  above  the  river,  and  scarM  bant 
occur  with  fine  sections,  occas-onally  over  200  feet  hSh      Thf 
vaHey  .s  of  the  usual  trough-like  form,  about  a  m  e'faverIL 
and    nl  '^'^'^''r-  -'th  the  river  meandering  from  siSe  t^Jde 
and  st.ll  ev.dently  actively  engaged  in  widenfng  the    Igh  by 
the  constant  waste  of  the  cliffs  at  its  convex  b^nds.    The  flats 
are  generally  covered  with  line  cotton-wood  and  luxurian   foliaee 
o"f  tt'h.^'  choke-cherry  bushes  are  prominent,  and    etS 
of  the  bottoms  are  adapted  to  agriculture 

conf5nS"an"drfnr''^'T'*  "'!  """'-  ' '^"""^^  ^"'"^^''at  more 
Zl«  '  T  ,"  '.^'"  "^^''y  ^^  ^^P  3s  ^'^ore.  but  with  the  banks 
more  gently  s lopmg  and  grassy,  and  fewer  good  section^  to  Jhe 
mouth  of  the  Little  Bow.  From  its  first  bend  below  Big  slid 
to  wuhm  a  m,Ie  and  a  half  of  the  Little  Bow,  there  are  no  tt^s 
The  country  evidently  becomes  dryer  in  this  direction  andThe 
low  cactus  abounds  on  southward-facing  banks     Ab^ut   Z. 

aTd"n  h'k^  "^T'  ^°"  ^^^  ^'^^  bottoms  S'som^lbe 
and  probably  a  thousand  acres  of  cultivable  land. 

^^om  the  Little  Bow  to  the  mouth,  there  are  oracticallv 
1  ne  bottom  of  the  valley  averages  scarcely  more  than  half  a 

^r  H  '"  7if'  r^  ''''  ^^""^^  ^'^  '^^^  «"-  h""d'-ed  to  one  hun- 
dred and  fifty  feet  in  height.  They  are  often  for  consideraWe 
distances  grass-grown,  and  the  sections  of  the  rocks  are  not  n  aHy 

tne  river.  ,s  the  largest  m  this  part  of  its  course,  being  half  a  mile 
long.     It  supports  some  cottonwoods  on  its  lower  end 

A  m.Ie  and  a  half  from  the  mouth  of  the  river  is  a  fiat  with 
a_grove  of  cottonwood  and  thickets  of  large  Artemisia  b^sli 

'  Ibid.  pp.  25-26. 
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Opposite  this  point  the  river  is  720  feet  wide,  with  a  velocity  of 
3-6  miles  per  hour,  being  here  rather  less  swift  than  in  most 
places  on  its  lower  course. 

"The  height  at  the  confluence  of  the  Belly  and  Bow  is  2,212 
feet,  giving  a  difference  from  Coal  Banks  of  520  feet.  The  dis- 
tance, measured  in  two  mile  stretches,  is  seventy-six  miles,  and 
the  average  slope  is  at  the  rate  of  6-8  feet  in  a  mile,  though 
considerably  more  in  the  upper  part  and  less  in  the  lower.  In 
the  autumn  the  volume  of  the  river  is  much  decreased,  and  it 
would  not  be  easy  to  descend  some  parts  of  it  in  a  large  flat- 
bottomed  boat.  During  high-water,  in  the  early  summer  it 
would  probably  be  possible  to  make  a  few  trips  with  a  small 
stern-wheel  steamer,  as  far  up  as  Coal  Banks,  but  it  cannot  be 
counted  on  as  a  means  of  carrying  eastward  any  large  quantity 
of  coal  from  the  fine  seams  in  that  vicinity. 

"In  1881  no  sign  of  habitation  existed  below  Mr.  Sheran's 
house  at  Coal  Banks,  and  in  descending  the  river  we  saw  but  a 
single  Indian. 

"The  island  at  the  confluence  of  the  Belly  and  Bow*  supports 
a  few  Cottonwood  trees  (Plate  I),  but  from  this  point  to  the  edge 
of  the  map,  wood  is  extremely  scarce  along  its  course.  Rpfwen 
the  confluence  and  Cherry  Coulee,  high,  scarped,  desola . 
occur  on  both  sides  of  the  South  Saskatchewan,  and  the  genen. 
level  of  the  prairie  is  nearly  250  feet  above  the  river  at  the  latter 
point  (Plate  IV).  At  the  same  place  the  width  of  the  stream 
was  found  to  be  1,013  feet,  and  the  current  three  miles  an  hour 
only.  This  river  is  generally  tranquil  to  Medicine  Hat  at  the 
eastern  border  of  the  accompanying  map,  but  the  valley  is 
narrow,  and  in  places  almost  cafion-like  with  banks  250  to  300 
feet  high." 

CLIMATE. 

*"A  few  words  may  be  added  in  regard  to  climate.  We 
are  yt  without  full  and  trustworthy  observations  of  the  temper- 
ature and  rainfall,  but  these  will  doubtless  be  supplied  ere  long 
by  the  meteorological  sf.vice.  The  climate  of  that  part  of  the 
district  included  under  the  general   title  of   Plains,   probably 

I  Oldman  and  Bow  of  present  mmpi. 
•  Ibid.,  pp.  12-13. 
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closely  resembles  that  of  a  laree  oortinn  ^f  »u 
of  the  great  plains  of  the  N^th^^    t  TeU  l^"  Th"  ''"I 
annual  precipitation  of  moisture  is  eXtly  sTa  \hl       '°''' 
heat  IS  frequently  erea*  Hnrm^  .1,    ^'"''"^'y,^'"^!!,  the  summer 

in  -cnsity\nd  d'uSLt   L  rtS;:fa.f  t"  ^""^^'^"^ 

the  country  ^.27^X0^:^:^.:^..:^^^^^  trr  -' 

portions  of  the  plains  :nrwhrve;  thrrabfTr"  ^'^J'^  "^•^'• 
crops,  the  growth  of  trees  v.-^hl  ^"  '^  s^^cient  for 

possible.  It tstated  tharfh  '^'■°^'  P^.'^^^tions  is  undoubtedly 
hoodof  For  SacL  od  smildtr  ,'"r'^  '"  ''''  "^'^''b°"'-- 
instrumental  proof  of  t4    In  v^^  !^"^  '""'^^^  ""'« 

be  the  case,  and  ari:;  Jr^  heTe  s  e  e^tb^  oV  JhT^  ''"'f '^^ 
district,   combined   with    its   vicl^  ty   to   the  ^'"  ""^  '^' 

snow-fall  is  light  over  the  entire  HU^  •  !       .  ""ountams.    The 

Hill  region  and  foot-L^  i  riluTr  '/"'  •"  '''  ^°^^"P'"^ 
a  matter  of  elevation    tLM  ""^  Persistence  is  largely 

much  more  sntrn  tte'lt^  a^Sf  aS^  ^^  '^'-^ 
•n  the  neighbourhood  of  the  mountairst  ^  u  V!''  ^°""'^ 
climate  than  that  remote  from  t"m  and  tT^f'^  '  "'"" 
point-notwithstanding  its  greater  average  h~"hT  VkeZ'^ 
the  aerial  currents  from  the  wesHvnr,)       1         •  '^  .  ^  ^"^^  ^^ 

westerly  winds  known  as  "Chrntk:"  7  P^^^'.^'^'y  ^he  strong 
this  amelioration.  It  is  not  the  cTse  .h^  7  '"  ""'^'•''''"^  '''''  '" 
tains  accountforthe  inrnce  Sthe    '^^^^  **'''•"-"- 

the  contrary  the  fact  that  the  n.  7T'^^'  '""'^'-     '^  '«  on 

mountain  Carrier  a,  d  their  si  I^'''  ^'"^^  ^^'^^  ^  ^igh 

in  a  comparative  y  dry  and  wt   '?"'  ^"*^'"^  *"^°  '°"  ^'•"""d 

weliw'n  physi^.l';r;.  tS^tt  ^o^^S7e'^"^7J^^ 
solution  and  evaporation  of  the  snow      This  >'  ul  t  mTf       ' 

.ener.ly  in  the  nver-yll^r l^rmrsttrt^'-^  ''-''  '^ 

to  the"cat:"":h;r;;t^^a°/T""  "'^'^^  ^  '"^^'^-  -^--^ 

the  warmth  and  dryness  of  the  Chinook  winds: 
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'"The  complete  explanation  is  to  be  found  in  the  great  quan- 
tity of  heat  rendered  latent  when  moisture  is  evaporated  or 
air  expanded  in  volume,  but  which  becomes  sensible  again  on 
condensation  of  the  moisture  or  compression  of  the  air. 

"The  pressure  in  the  upper  regions  of  the  atmosphere 
being  so  much  less  than  in  the  lower,  a  body  of  air  rising  from  the 
sea-level  to  the  summit  of  a  mountain  range,  must  expand,  and 
this,  implying  molecular  work,  results  in  an  absorption  of  heat 
and  consequent  cooling.  The  amount  of  this  cooling  has  been 
estimated  at  about  1°  Centigrade  for  100  metres  of  ascent  when 
the  air  is  dry,  but  becomes  reduced  to  |  degree  when  the  temK'ra- 
ture  has  fallen  to  the  dew-point  of  the  atmosphere,  and  precipita- 
tion of  moisture  as  cloud,  rain  or  snow  begins;  the  heat  resulting 
from  this  condensation  retarding  to  a  certain  degree  the  cooling 
due  to  the  e.;pansion  of  the  air.  When  the  air  descends  again 
on  the  further  side  of  the  mountain  range,  its  condensation 
leads  to  an  increase  of  sensible  heat  equal  to  1°  C.  for  each  100 
metres.'  It  is  owing  to  this  circumstance  that  places  in  the  south 
of  Greenland,  on  the  west  coast,  during  the  prevalence  of  south- 
easterly winds,  which  flow  over  the  high  interior  of  the  country, 
have  been  found,  in  winter,  to  experience  for  a  time  a  temperature 
higher  than  that  of  North  Italy  or  the  south  of  France,  though 
the  North  Atlantic  Ocean  from  which  the  winds  come,  can,  at 
this  season,  be  little  above  the  freezing-point.  The  wind  well 
known  in  the  Alps  as  the  fochn,  is  another  example  of  the  same 
phenomenon. 

"The  data  are  wanting  for  an  accurate  investigation  of 
the  circumstances  of  our  west  coast  in  this  regard,  but  a  general 
idea  of  the  fact  may  be  gained.  We  may  assume  that  the  air 
at  the  sea  level  is  practically  saturated  with  moisture,  or  already 
at  its  dew-point,  that  in  crossing  the  mountainous  rcsion  the 
average  height  to  which  the  air  is  carried  is  about  2,000  metres 
(6,560  feet),  and  that  it  descends  to  a  level  of  about  700  metres 
(2,296  feet)  in  the  Peace  River  countr>'.  The  loss  of  sensible  heat 
on  elevation  would,  in  this  case,  amount  to  10°  C.  (18°  F.),  the 

•Gtol.  Surv.,  Can.,  Rept.  of  Prog.,  1879-80,  pt.  B,  pp.  77-78. 

•  The  figures  are  Dr.  Hanna.  quoted  by  Hoffmeyer  In  the  Danish  Geographical  Sodety'i 
Journal,  and  reproduced  in  Nature,  Auiust,  1877. 
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gain  on  descent  to  ht  '«vel  of  700  metres  to  13°  C.  (23-4''  F.). 
The  amount  of  heat  lost  by  the  air  during  its  passage  across  the 
mountainous  region,  by  radiation  and  contact  with  the  snowy 
peaks,  cannot  be  determined.  It  is  of  course  much  greater  in 
winter  than  in  summer,  and  depends  also  on  the  speed  with  which 
the  current  of  air  travels.  Taking  the  mean  summer  temperature 
of  the  coast  at  about  12"  C.  (54°  F.)  and  allowing  several  degrees 
for  loss  by  radiation,  it  becomes  easy  to  understand  how  the 
western  prairies  may  be  flooded  with  air  nearly  as  warm  as  that 
of  the  coast,  though  it  has  travelled  to  them  over  a  region  com- 
paratively cold. 

"Owing  to  the  great  width  of  the  mountain  barrier,  the  main 
result  is  complicated  by  local  details,  regions  of  considerable 
precipitation  occurring  at  each  important  mountain  range, 
with  subsidiary  drier  regions  in  the  lee.  The  last  of  these  regions 
of  precipitation  is  that  of  the  Rocky  Mountain  Range  properly 
so  called.  In  descending  from  this,  a  further  addition  of  heat  is 
made  to  the  air,  which  then  flows  down  as  a  dry  and  warm  current 
to  the  east." 
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CHAPTER  III. 
GENERAL  GEOLOGY. 

The  rocks  exposed  on  the  plains  of  southern  Alberta  are  of 
Upper  Cretaceous  age.  The  swell  in  the  crust  caused  by  the  pro- 
trusion of  the  igneous  masses  found  in  the  Sweet  Grass  hills, 
just  across  the  boundary  in  Montana,  brings  to  the  surface  the 
upper  members  of  the  Palaeozoic;  so  that  the  whole  Mesozoic 
section  may  be  studied.  The  portions  of  the  Upper  Cretaceous 
which  are  exposed  on  th-  plains  consist  of  marine  shales,  brackish 
water  sands  and  clays,  and  freshwater  deposits — an  association 
indicating  that  while  the  gene'al  plains  region  was  covered  by 
the  sea  the  western  part,  including  the  area  under  consideration, 
was  for  a  time  elevated  above  sea-level  and  instead  of  marine 
deposits  near-shore  and  land  deposits  were  laid  down. 

The  conditions  of  sedimentation  are  more  fully  explained 
in  a  paper  by  the  writer  published  by  the  Royal  Society  of  Cana- 
da.' The  deposits  of  the  area  under  discussion  which  belong  to 
the  shallow  water  period  following  the  marine  invasion  marked 
by  the  Colorado  deposits,  have  been  described  by  Dr.  G.  M. 
Dawson  as  the  Belly  River  series,  and  his  descriptions  of  the 
rocks  have  been  largely  used  in  the  present  report.  The  table 
on  page  22  includes,  besides  the  formations  that  are  exposed  at 
the  surface  in  Canada,  others  that  outcrop  south  of  the  Inter- 
national Boundary  and  presumably  underlie  the  Canadian 
plains. 

SUPERFICIAL  DEPOSITS. 

Glacial  deposits  form  a  thin  mantle  over  the  whole  area 
under  review.  Morainic  hills  may  possibly  in  time  be  traced 
across  portions  of  the  plains  to  indicate  halting  stages  for  the 
ice-sheet.  In  the  general  description  of  the  surfaceitwasassumed 
that  the  change  in  the  drainage  was  due  to  the  sJiifting  of  the  ice 

>  "The  Creuccoiu  Sea  In  Alberta",  Tnuu.  Roy.  Sot,  Can..  3d.  ler..  vol.  IX. 
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front.  Under  this  assumption  records  of  the  halting  stages  of  the 
ice  should  be  found  l)ctwcen  the  {shiftwl  channels.  One  of  these 
was  noted  to  the  north  of  Etzikom  couU-e  south  of  Foremost 
and  seemed  to  indicate  that  the  continuation  of  the  southern 
drainage  was  due  to  an  ice  dam,  running  cast  and  west,  north  of 
this  chaj'.ncl. 

In  the  vicinity  of  he  Oldman  valley  there  is  an  accumulation 
of  river-borne  materia,  that  seems  to  belong  to  two  periods,  one 
that  m.-iy  be  termed  the  retreating  ice  period  and  the  other  in 
many  cases  antedating  Glacial  time.    The  newer  sands  and  silts 
are  spread  over  the  surface  at  some  distance  from  the  valley 
and  seem  to  have  been  deposited  in  lakes  lying  ale   g  the  ice 
front.     The  deposits  of  the  Lethbridge-Raymond  aua  seem  to 
belong  to  the  period  when  all  the  western  drainage  found  ;:  passage 
by   Verdigris   and    Etzikom  couK-es,   successively,   into  a   lake 
basin  below.      Farther  down  the  river  the  sand  hills  near  the 
mouth  of  the  Bow  suggest  the  energetic  cutting  of  new  channels 
in  both  the  Bow  and  the  Oldman  above  this  point,  and  the  scat- 
tering of  the  debris  in  a  lake  drained  by  Fortymilc  coulee.     The 
older  stream  deposits  are  found  to  have  filled  an  old  river  valley. 
The  present  stream  follows  a  somewhat  erratic  course  and  in 
places  is  in  the  old  valley,  but  on  account  of  a  steejiening  of  grade, 
has  cut  below  it.     Sections  of  over  2()0  feet  of  these  stream  de- 
posits are  found  in  the  Ohlman  valley  near  Lethbriflfie  and  several 
other  sections  are  obtained  irom  well  records.    The  northwestern 
edge  of  this  old  valley  is  limited  by  the  high  ground  northwest 
of  the  present  river.     To  the  east  little  evidence  has  been  found 
to  outline  the  valley.     In  the  vicinity  of  the  coal  mines  on  the 
west  side  of  the  river  the  following  sections  were  obtainet!  in 
drillings  near  Chinook.     The  thickness  of  these  deposits  appears 
to  be  about  220  to  230  feet.     At  the  head  of  Piy.inii  co.ilec  the 
deposit  is  153  feet  thick.     On  the  slopes  of  Black  Spring  ridge 
and  at  its  base  there  are  gravels  and  sands  deeply  covered  by 
drift  from  these  hills,  but  at  a  much  higher  level  than  farther 
south.     The  folk.Afing  sections  serve  to  illustrate  the  character 
of  the  deposit  referred  to  in  several  papers  and  reports  under 
the  name  of  Saskatchewan  gravels. 
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Section  on  S»c,ion  It.  Tp.  10.  Rang,  22,  W  4,k  iter. 

Yellow  clay  and  »and '""'  ^tthti 

Park  blue  clay.  .  .  87  0 

Sand  and  rock*  mixed. ^2  o 

(•umbo 16  0 

Sand 10  o 

Hay ;;.■;;: 3      0 

sand 6  n 

«;wy 4  0 

'Mnd 4  0 

flay ■■■; «  0 

Sand  and  Krii\tl     40  0 

Sand  and  rociti    10  0 

10  0 

I20  ~ 

KecorJfron,  WeU  in  S.E.  |.  Sec.  U,  Tp.  10,  Ran.e  22.  W.  4,k  Mer. 

Soil  and  subsoil Feel  Inches 

Sandy  clay  with  few  rijcks ''          0 

^ndy  Kravcl  and  rocks      '■'^  0 

•Sandy  clay 6  0 

Sand  and  boulders! 26  0 

Blue  sandy  clay.           3  0 

Hard  hardpan.... 19  0 

Gravel  and  sand  (eeminiid) *  0 

Hard  quartiite  boulders          <*  0 

Hardpan 7  0 

Yellow  shaly  clay. '. 2  0 

3  0 

~220  o~ 

by  s:irr„?tco"„:trotTjr  'Oc'-'r'  -  --- 

published  in  the  BulIednT^f    he  G.I1  .-^S''^'^""    »^"'''^^'^' 
vol.  VII,  pages  SlZvT)       1    ^,^'''"«'^^'  ^^'^^V  of  America, 

vol.  XX  11   paces  esV  7n«       /^^'t^^'^"'  ^^  ^^-  ^-  ^Wen  in 

XXIV  pa";  557   of  th'--  ^    -"  '""^  ^''^'"^"' '"  ^°'- 

•  ^  *''^  ^3/.  01  the  same  series  of  bulletins. 


BEARPAW  SHAf.E. 
.I.e  ™H„S;°„'  t  r '"'■,  •■■"■  ("  '»■"  "P"".  '«  which 
a  thm  sheet  of  these  shales  is  fn..n7       u  ^"''""  "^^e 
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lower  land  near  the  mouth  of  St.  Mary  river  (Plate  II)  and  are 
thicker,  since  they  have  suffered  less  erosion.  Concealeil  under 
a  heavy  mantle  of  alluvium  and  drift  these  shales  are  ex|x>«<l 
alon;;  the  banks  of  Oldman  river  from  Ryegrass  flat  to  Piy.imi 
coul6«  The  formation  consists  Kcncrally  of  dark  shales  holding 
a  few  ironstone  nodules  and  a  few  fossils  characteristic  of  the 
marine  part  of  the  Montana  group.  Its  thickness  seems  to  be 
less  in  this  district  than  on  the  western  slope  of  the  (.ypress 
hills  and  has  been  variously  stimatcd.  A  former  estimate, 
based  in  part  on  the  record  cf  a  boring  near  Kipp  station,  placed 
the  thickness  at  615  feet,  but  uncertainty  as  to  the  exact  position 
of  the  top  of  the  well  in  the  geological  section  made  the  estimate 
inconclusive.  Another  record  obtainetl  by  diamond  drill  north 
and  beyond  the  mantle  of  drift  seems  to  place  the  thickness  of 
the  shale  series  at  622  feet.  In  thi«  case  the  top  of  the  formation 
was  definitely  fixed  by  the  recognition  in  the  record  of  a  series 
of  sandy  beds  similar  to  those  at  Ryegrass  flat  lying  above  the 
mass  of  the  shale.  These  beds  are  probably  the  ones  correlated 
with  the  Foxhill  sandstones.  The  drilling  record  also  reveals 
the  presence  of  a  sandy  member  in  the  shale  series  208  to  227 
feet  below  the  sandstones  at  the  top.  The  shales  are  generally 
of  a  lead-grey  colour  and  are  essentially  an  argillaceous  formation 
containing  hardly  a  trace  of  lime. 

The  complete  section  of  this  formation  obtained  from  a 
lioring  near  Scabby  butte,  sec.  9.  tp.  11,  range  22,  W.  4th  mer., 
shows  sandstones  at  the  top,  which  probably  are  the  equivalent 
of  those  at  Ryegrass  flat  (the  so-called  Foxhill).  Beneath  the 
s.indstom  s  is  the  general  shale  formation  of  the  Bearpaw  or  upper 
Pierre,  with,  however,  sandy  beds  at  the  middle  which  indicate 
shallow  water  conditions.  The  following  section  is  found  be- 
neath the  F"oxhill  beds: 

Feel    Inches 

Soft,  dark  shale 27  0 

Dark,  sandy  shale 150  0 

Hard,  tough  shale Ji  " 

Sandy  shale "  f^ 

Hard  sandstone 2  0 

Soft,  grey  sandstone f U  [J 

Soft,  dark  shale }?  2 

Hard,  dark  shale 18  0 
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Dark,  sandy  shale f"'  ^«f *" 

Dark  shale. ''^          0 

Ironstone  band              „          ^ 

Dark  shale....        ^  10 

Dark,  sandy  shaie... ■.■.'.;.■ Z         ?. 

Ironstone  band .                       „          " 

Dark,  sandy  shale... ?  1" 

Sandy  shale ' ' '           " 

■■•••....»  (J  y 

"622  0~ 

Next  underlying  are  the  coal-bearing  beds  of  the  top  of  the 
Belly  River  series. 

Fossil  shells  are  not  common  m  the  formation  but  a  few 
have  been  found  at  various  places  on  the  plains  and  suffice  to 
show  the  general  character  of  the  fauna.  The  fossils  are  es- 
sentially manne  the  zone  of  transition  through  brackish  water 
to  fresh  at  the  base  is  very  thin  in  section.  The  marine  shales 
imTn"  ?7''l"P°"  ""^  "y''""  ^^'^  ^^^^  '"  ^""^^  ■'^c'^tions  lies 

^ZT  V  ?  '  '°"'  ''^'"^-  "^^'^  ^^^"^'^'°"  beds  include 
several  small  coal  seams,  and  one  of  mineable  proportions,  ar.d 
are  generally  placed  with  the  Belly  River  series.  In  many  of  the 
hsts  published  m  former  reports  the  marine  fauna  of  this  upper 
portion   of   the   P.erre  includes  also   forms   from   the   brackish 

sTaTel  ''"  ^"""'^ '"  ''""  ''''''  ^''''''*'  ^"^  '^*^'°^"  '^^  '"^""'-^ 

..•nn  '?''  l°"ri'^fJ'"''  ^■'"'^'^  '^"^  ^^'''  ™'"P"'-''l  ^^-^  determina- 
tions by  J  F.  VVhiteaves  and  T.  W.  Stanton  gives  the  species 
represented  and  their  geographical  distribution  so  far  as  known. 

Fossils  from  Bear  paw  {Upper  Pierre)  Shales. 

BkACHIOPOD.\. 

Lingula  nitida^X.  ^n<M\.     (Plate  XXI,  figures  1    la) 

PELECVPOOA. 
Ostrea  Patina  M.  and  H.     (Plate  XVIII,  figures  1    la  ) 

Frenchman  creek,  tp.  1.  range  10.  VV.  3rd 'mer:     Con.  Can.  Pal.,  vol. 
Sage  creek,  south  of  Cypress  l.as.     BuU.  V.  S.  G.  S.,  No.  257,  p.  53. 


Ostrea  inornata  M.  and  H.     tPlate  XVIII,  figure  .?. 

St.  Mary  river,  near  mouth.     Con.  Can.  Pal.,  vol.  I,  p.  30. 

Ostrea  sublrigonalis  Evans  and  Shumard.     (Plato  XV'III.  figures  4-4c.) 

Oidman  river,  mouth  of  St.  Mary  river.     Con.  Can.  Pal.,  vol.  J,  p.  .H>. 
Battle  river,  near  the  Elbow.     A  nn.  Rep.  vol.  II,  p.  89  E. 
Milk  River  ridge.     Con.  Can.  Pat.,  vol.  1,  pp.  30  and  40. 

Chlamy:!  ucItp  i.  nsis  M.  and  II.     (Plate  XXI,  figures  2-2b.) 

RorVy  r  r- •,,  sec.  6,  tp.  1,  range  6,  \V.  3rd  mer.,  and  on  Notukeu  creek, 

tp.  10,    ange  11,  \V.  .'rd  nier.     Con.  Can.  Pal.  vol.  I,  p.  31. 
VViHcw  c  sek,  south  ol  Cypress  hills.     Bull.  U.  S.  G.  S.  .Vo.  257.  p.  55. 

Pteria  Hug:   formis  Evans  and  Shumard.     (Plate  XXI,  figures  5-5b.) 

Elbow  of  South  Saskatchewan  and  15  miles  west  of  mouth  of  Swift- 
current  creek,  near  Bulls  head,  Alberta,  and  near  Irvine  station. 
Con.  Can.  Pal.,  vol.  I.  p.  31. 
Blood  Indian  creek,  north  of  Red  Deer  river.  Ann.  Rep.,  in/.  //,  p.  SI  E. 
Battle  river,  tp.  46,  range  4,  \V.  4th  mer.  Ann.  Rep.,  vol.  I  J,  p.  I53E.. 
Willow  creek,  south  of  Cypress  hills.  Bull.  U.  S.  G.  S._^\o.  357,  p.  55. 
L'pper  Smoky  river,  in  upper  dark  shales.     Rep.  Prog.  1879-80,  p.  124  B. 

Pteria  {Oxytnma)  nebrascana  Evans  and  Shumard.   (Plate  XXI,  figures  .3,  .?a.) 
South   Saskatchewan    river,    opposite    mouth    of    Swift-current    creek. 

Con.  Can.  Pal.,  vol.  I,  p.  31. 
.\thabaska  river,  25  miles  above  Athabaska  landing.     Ann.   Rep.,  vol. 

V,  p.  28  V. 
Willow  creek,  south  of  Cypress  hills.     Bull.  V.  S.  C.  S.,  \o.  257,  p.  ^'i. 


Pteria  {Pseudopteria)  fibrosa  var. 
Horseshoe  bend.  Bow  river. 


M.  and  H.    (Plate  XXI,  figures  4-4b.) 
Con.  Can.  Pal.,  ivl.  I,  p.  32. 


Inoceramus  altus  Meek. 

East  fork  Milk  river  or  Battle  creek  south  of  Cvpress  lull.>.     Con.  Can. 
Pal.,  vol.  I,  p.  33. 

Inoceram-.is  ba'ahini  Morton.     (Plate  XXI,  figure^  (i.) 

Twelve  miles  east  nf  Frenchman  creek,  tp.  1,  range  S,  ^V.  ^r<\  me'.,  and 
Elbow  of  South  Saskatchewan  river.     Con.  Can.  Pal.,  to!.  I,  p.  J.k 

inoceramus  sai^cnsis  v.ir.  Xebraseeiisis  Owen.      {  Plate  XXI,  figure  7.^ 

Near  mouth  oi  Si,   Mary  river  ,inil  South  S.iskatchewan  rivtr  opposite 

Swift-current  creek.     Con.  C'/k,  Pal.,  vol.  I,  /),,)/. 
Near    mouth    of    \ermilion    river,    .North    Sa,k..lchcw.ui    river.     .\nn. 

Rep.,  vol.  II,  p.  100  /■;. 
Near  .Moose  hills.  North  Saskatchewin  river,    A  nn.  Rep.,  vol.  II,  p.  12<iE. 
Ncse  creek,  sec.  24,  tp.  44,  range  2,  W.  4th  mer.     Con.  Can.  P^iL,  p.  174. 
Sage  creek,  east  of  Nlilk  river.     Bull.  V.  S.  G.  S.,  No.  257,  p.  5  4. 

Inoceramus  tenuilineatus  Hall  and  Meek.     (Plate  XXII,  figures  1,  la.) 

Blood  Indian  creek,  range  <),  W.  4th  mer.,  and  at  Elbow  of  South  '-■as- 
katchewan.     Con.  Can.  Pal.,  vol.  I,  p.  34. 

Inoerrcmus  vanuxemi 'SI.  and  li.     (Plate  XXII,  figure  2. 'i 

Mouth  of  Vermilion  river,  tp.  54,  range  3,  W.  4th  prin,  mer.,  and  in  next 
township  east.     Con.  Can.  Pal.,  vol.  I,  p.  175. 
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Gerrillia  recta  M.  and  11.     (Plate  XXIII,  figures  1.  la  ) 

Bulls  head,  west  of  Cypress  hills.     Con.  Can.  Pal.,  vol.  I,  p.  35. 

Genillia  recta  yar.  borealis  Whiteaves.     (Plate  XXIII,  figure  2  ) 

Oldman  river,  west  of  and  at  mouth  of  St.  .Marv  river.  South  Saskatche- 

l^:'^:r'"^Tc!:'^Trr^6  ^-^  "'  ^°-<=  crossing^'R";^, 
Berry  creek,  tp.  25,    Ann.  Rep.,  vol.  //,  p.  79E 
Hlood  Indian  creek.     Ann.  Rep.,  vol.  II  p  HIE 
boundmg  creek,  tp.  30,  range  8,  W.  4th  ..-.cr."  .!«„.  Rep.,  vol.   II,  p. 

Modiola  attenuata  -M.  and  H.     (Ph,     .CXIIl,  figures  4,  4a  ) 

cX'VrktZlXV'r-  '"""  ''  '*°^^  '^°"'-  --  '-'-  station. 

Atodiota  ..:,;ichydo>,tes)  dichotoma  Whiteaves.    (Plate  XXIII   fieure  S  ) 
Near  mouth  of  St.  .Mary  river,  .Alberta.    Con.  Can.  Pal. 'vol.  I,p.J7. 

Nucula  cancellala  M.  and  II.     (Plate  XXIV,  figures  1-lb  ) 

St.  .Mary  river,  U  miles  atove  mouth.     Con.  Can.  Pal.,  vol   I  i  37 

L  ppcr  Smoky  river,  in  upper  dark  shales.      Rep.  Prog.  .'^70-80,  p.  134  B. 

Yoldia  scitula  M.  and  H.     (Plate  XXIV,  figure  3  ) 

South  of  \\ood  mountain,  about  tp.  2,  range  8,  W.  3rd  mer  and  on  ei^t 
branch  Rocky  creek  near  Wood  mountain,  'sec.  6  tp  ['range  6  W 
3rd  mer.     ton.  Can.  Pal.,  vol.  I,  p.  3(t.  ',  'anfee  o,  w. 

Voldiu  eva,,si  M.  and  II.     (Plate  XXIW  figures  2-2b.) 

South  Saskatchewan,  15  miles  west  of  Swift-current  creek,  and  on 
Notukeu  creek,  tp.  10,  range  U,  W.  3rd  mer.     Con.  Can.  Pal  .vol    ", 

Burnt  rapid,  Athabaska  river.     Ann.  Rep.,  vol.  V,  p.  31  D. 

Lunna  occidenlalis  Morton.     (Plate  XXIV,  figures  5-Sb  ) 

Bullpound  creek   tp   26   range  14,  W.  4th  mer.,  and  on  Notukeu  creek 
tp.  10,  range  U,  W.  3rd  mer.     Con.  Can.  Pal.,  vol.  I,  p.  39.  ' 

Luciwi  suhundata.  .Meek.     (Plate  XXIV.  figures  4-4d.) 

U  illow  creek,  south  of  Cypress  hills.     Bull.  U.  S.  0.  S.,  No.  257,  p.  55 

Tancredia  americana  .M.  and  H.     (Plate  XXIV,  figure.  6-6t.) 

Bero'^creek,  sec.  31,  tp.  25,  range  12,  W.  4th  mer.     Con.  Can.  Pal.,  vol. 

Sounding  creek,  tp.  30,  range  8,  W.  4th  mer.     Ann.  Rep.,  vol.   II,  p. 

Willow  creek,  south  of  Cypress  liills.     Bull.  U.  S.  G.  S.  No.  257   t,   55 

Tp.rtriri'V*^''''  ■'^'■^■'^'''■'^■'  '-^"^'"S  i"  '"'  Ki^he  shales.'    Ann. 

Cyprinaorjala  .\I.  and  H.     (Plate  XXV,  figures  1,  la   2  ) 

Bel!rr'iv,.rnn  °^  ^'-  ?J'"^'  r'^-"'  »'^"y  "ver  below  Horseshoe  bend, 
lielly  nvcr  near  mouth,  and  on  South  Saskatchewan  opposite  Swift- 
current  creek.     Con.  Can.  Pal.,  vol.  I,  p  40  "I'l^siie  awiit 

Battle  river  above  elbow.     Ann.  Rep.,  vol   II  p  154  E 
bage  creek  south  of  Cypress  hills.     Bull.  ('.  S.  G.  S  No  257  p  53 
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Cyprina  sublrapeziformis  VVhiteaves.     (Plate  XX\',  figures  ,?-,?b.) 

Battle  river,  tp.  46,  range  4,  \V.  4th  nier.     Con.  Can.  Pal.,  vol.  I,  p.  176. 

Corbicula  occidentalis  M.  and  H.     (Plate  XIX,  figures  5,  5a.) 

Milk  River  ridge  and  St.  Mar>-  river.     Con.  Can.  Pal.,  vol.  I,  p.  40. 
Forks  of  Devils  Pine  and  Three  Hills  creek,    Ann.  Rep.,  vol.  II,  p.  75'.E. 

Prolocardia  subquadrata  E.  and  S.     (Plate  XXVI,  figures  2-2d.) 

South  Saskatchewan  opposite  Swift-current  creek,  Bulls  head  west  of 
Cypress  hills,  Ross  coulee  near  Irvine  station,  Battle  river,  tp.  38, 
range  12,  W.  4th  mer.,  and  from  I'pper  Smoky  river.  Con.  Can.  Pal., 
vol.  I,  p.  41. 

Blood  Indian  creek,    Ann.  Rep.,  Vol.  II,  p.  81  E. 

Sounding  creek,  Ann.  Rep.,  vol.  21,  p.  156  E. 

Elbow  Battle  river,  Ann.  Rep.,  vol.  II,  p.  90  E. 

Prolocardia  borealis  Whiteaves.     (Plate  XXVI,  figures  3-3c.) 

Near  mouth  of  St.   Mary  river.     South  Saskatchewan  river  opposite 

Swift-current  creek  and  from  Ross  coulee  near  Irvine  station.     Con. 

Can.  Pal.,  vol.  I,  p.  42. 

Willow  creek  south  of  Cypress  hills.     BuU.  U.  S.  G.  S.  No.  257,  p.  55. 

Neutral  hills  west  of  Sounding  lake.  Alberta.     Ann.  Rep.,  vol.  II,  p.  S3E. 

Linearia  jormosa  M.  and  H.     (Plate  XXVI,  figures  4,  4a.) 

Sounding  creek,  tp.  30,  range  8,  W.  4tU  mer.     Con.  Can.  Pal.,  vol.  I,  p. 

177. 
Blood  Indian  creek  north  of  Red  Deer  river.    Ann.  Rep.,  vol.  II,  p.  SIE. 

Callista  (Dosiniopsis)  deweyi  M.  and  H.     (Plate  XXVI,  figure  .Sb.) 

Bulls  head,  west  of  Cypress  hills  and  Big  Plume  creek,  tp.  8,  range  5, 
W.  4th  mer.     Con.  Can.  Pal.,  vol.  I,  p.  42. 
'     '  ~  3ull.  U. 


Sage  creek,  south  of  Cypress  hills.     Bu 


S.  G.  S.  No.  257,  p.  53. 


Callista  nebrascensis  M.  and  H.     (Plate  XXVI,  figures  5,  5a.) 

Willow  creek,  south  of  Cypress  hills.     Bull.  U.  S.  C.  S.,  No.  257,  p.  55. 

Mactra  {Cymbophora)  warrenana   M.  and  H.     (Plate  XXVI,  figures  6-6c.) 
South  Saskatchewan  river,  5  miles  above  Swift-current  creek  and  Ross 
coulee  near  Irvine  station.     Con.  Can.  Pal.,  vol.  I,  p.  4.^. 

Mactra  (Cymbophora)  gracilis  M.  and  M.     (Plate  XXVIl,  figures  2,  2a.) 

Rocky  creek,  sec.  6,  tp.  1,  ranee  6,  W.  3rd  mer.     Con.  Can.  Pal.,  vol. 
I,  p.  43. 

Pholadomya  subventricosa  M.  and  li.     (Plate  XXVIl,  figincs  3,  3a.) 

North  Saskatchewan  river  at  Fort  Pitt  and  near  mouth  of  Moose  river. 

Co...  Can.  Pal.,  vol.  I,  p.  ITS. 
Elbow  South  Saskatchewan.     Con.  Can.  Pal.,  vol.  I,  p.  178. 

Liopistha  (Cymella)  undala  M.  and  H.     (Plate  XXVII,  figures  4,  4a. I 

St.  Mary  river  near  Oldnian  river.  South  Saskatchewan  opposite  irouth  of 

Swift-current  creek.  Bulls  head   west  of  Cypress  hills,  Berry  creek, 

tp.  25,  range  12,  W.  4th  mer.,  Battle  river,  tp.  38,  range  12,  W.  4th 

mer.,  and  Ross  coulee  near  Irvine  station.     Con.  Can.  Pal.,  vol.  I,  p.  44. 

Neutral  hills,  west  of  Sounding  lake.     .inn.  Rep.,  vol.  II,  p.  S3  E. 

Upper  Smoky  river  in  upi^T  dark  shales.     Rep.  Prog.  79-80,  p.  124  B. 
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SoUcurtm  (Tagdus)  occidentalis  VVhiteaves.     (Plate  XXVI    figure  1  ) 

Battle  nver.  tp.  40,  range  lo,  W.  4th  mer.     Con  Can.  pSl.I.p.  179. 

Neoera  moreauensis  M.  and  H.     (Plate  XXVII,  figures  5  Sa  ) 

''S'"»r/:V°,'fT''^-'- '"■  '"•  -"«^  n    W.Vdier.     Con.  Can. 

liartesia  tumidifrons  VVhiteaves.     (Plate  XXVII,  figures  6  6a  ) 

""VJl  'Zl'^rfZl  "'^^'  ''■  '*■  ""«^  ''  'v"th' t^r.     Con.  Can. 
'''Zr'''^Z'^;p.!:X)t;^^IS'r''  "^"-  »"•  ''■  ""«^  6.  VV.  4tb 

Panopaa  subovatis  VVhiteaves.     (Plate  XXVIII,  figures  1    la  ) 

'Z\r'%T^a:'FXTp%''-  ^--"  -«-  •' -'1  ^2.  W.  4th 

GASTROPODA. 

/^ydo^rna  ^arr«/a  VTiiteaves.     (I  late  XXVIII,  figures  6  6a  ) 

Soundmg  creek,  tp.  30.  range  8,  VV.  4th  mer.    ^Ca^  c'an^^al.,  vol.  I.  p.  181. 
Actaon  altenualus    .vl.  and  H.     (Plate  XXVIII,  figure  9  ) 

wlT p."46.  ^        ^'^'^''^'  'P    ^  '^"^^  1  '•^^'  ^^^  "•'^^• 
Cinulia  concinna  M.  and  H.     (Plato  XXVIII,  fi<Tures  8-8b  ) 

■  Uiisomyon  alveolus  .M,  and  H.     (Plate  XXVIII,  figures  11    l)a  ) 

Frenchman  r:reek  near  Boundary  line.     Con.  cfn   Pal.',  vol   I,  p.  47. 

■^nisomyon  centrale  Meek.     (Plate  XXVIII,  figures  1  '-Plj  ) 

Ptrv".tp^f.  ^^'''''"^^'  'P-  '"•  ^^"«'  "•  ^\-  -'^■''  '^-^ 


Cob.  Can.  Pa/. 


Con.  Can. 


Anisomyon  patelliformis  M.  and  H.     (Plate  XXIX,  figures  1-  Ic  ) 
L  pper  SmoKy  nver,  upper  shales.     Hep.  Prog.  79-liO.p.  124  B. 

Lwuitia  concinna  Hall  and  Meek.     (Plate  XXIX,  figures  4-4b  ) 

'^z:l^::^d:^^^:r  :fr^T '-''-  -^^ "-"  °'  ^^^ 

^fg^--^ee^\Sr^tl^^rTanS;^«™'^^^^ 
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Anchura  americana  Evans  and  Shumard.     (Plate  XXIX,  fieures  .5,  Sa.) 
South  Saskatchewan,  collected  by  Hind  probably  near  elbow.  Ross  coulie 

near  Irvine  station. 
Notukcu  creek  (Old  Wives),  tp.  10,  range  U,  W.  3rd  mer.,  and  at  \Voo<i 

river,  tp.  6,  range  4,  VV.  3rd  mer.     Con.  Can.  Pal.,  vol.  I,  p.  4S. 
Willow  creek,  south  of  Cypress  hills.     Bidl.  U.  S.  G.  S.  No.  257,  p.  55. 

Vanikoropsis  tuomeyana  M.  and  H.     (Plate  XXIX,  figures  2,  2a.) 

North  of  Ross  coulee  near  Irvine  station.     Con.  Ca  •.  Pol.,  vo!.  I,  p.  49. 


CEPHALOPODA. 

Boculiks  compressus  Say.     (Plati-  XXX,  figures  1-lb.) 

Twelve  miles  east  of  Frenchman  creek  south  ot  Wood  mountam,  Rocky 
creek,  sec.  6,  tp.  1,  range  6,  W.  3rd  mer.  elbow  of  South  Saskatchewan 
river.  Bow  rivei  below  Horseshoe  bend,  Oldman  river  5  miles  above 
Lethbridge,  St.  Mi.ry  river  above  mouth,  Belly  River  western  upturn, 
tp.  4,  range  28,  W.  4th  mer..  Milk  River  ridge,  Ross  crerk  near  Irvine 
station,  Bullpound  creek,  sec.  3,  tp.  26,  range  14,  W.  4th  mer..  Red 
Deer  river  at  I.orne  crossing.  Battle  river  tp.  38,  ranges  12  and  13,  W. 
4th  mer.  and  at  Berry  creek,  tp.  25,  r  nge  12,  W.  4th  mer.  Con.  Can. 
Pal.,  vol.  I,  p.  50. 

Sage  creek,  south  of  Cypress  hills.     Bitll.  U.  S.  G.  S.  257,  p.  54. 

Vermilion  river,  north  Saskatchewan.     A.m.  Rep.,  vol.  II,  p.  100  E.  _ 

Twenty-five  miles  above  Athabaska  Landing  and  at  mouth  of  La  Biche 
river.    Ann.  Rep.,  vol.  V,  2S  D. 

Neutral  hills  west  of  Sounding  lake,  .Mberta.    .Inn.  Rep.,  vol  II,  p.  83  E. 

Saskatchewan  river,  tp.  56,  range  6,  W.  4th  mer.  Ann.  Rep.,  vol.  II, 
p.  120  E. 

Ribstone  creek,  tp.  37,  range  9,  W.  4th  mer.    Ann.  Rep.,  vol.  II,  p.  95E. 

Baculites  grandis  Hall  and  Meek. 

East  fork  of  Milk  river,  ip.  1,  range  26,  W.  3rd  mer. 

St.  Mary  river  11  miles  ibove  mouth,  Oldman  river  near  mouth  of  St. 

Mary  river.  South  Si.oikatchewan  river  opr"'ite  Swift -current  creek, 

and  on  Red  Deer  river,  sec.  24,  tp.  25,  ran  .-  !6,  W.  4th  mer.     Con. 

Car.  Pal.,  vol.  I,  p.  51. 
Blood  Indian  creek.    Ann.  Rep.,  vol.  II,  p.  81  E. 
Sounding  creek,  tp.  30,  range  8,  W.  4th  mer.     Ann.  Rep.,  vol.  II,  p. 

160  E,  and  Con.  Con.  Pal.,  vol.  I,  p.  182. 

Baculites  ovatus  Say.     (Plate  XXX,  figures  2,  2a.)  ,   x-      .   c 

Ghost  river,  tp.  25,  range  6,  W.  5th  mer.  (may  be  Claggett),  North  t>as- 
katchewan  river  near  Moose  Hill  creek,  North  Saskatchewan  nver, 
tp.  54,  range  2,  W.  4th  mer.,  tp.  56,  range  6,  W.  4th  mer.,  and  at  mouth 
of  Vermilion  river.     Con.  Can.  Pal.,  vol.  I,  p.  182. 
Sage  creek,  south  of  Cypress  hills.     Bull.  U,  S.  G.  S.,  No.  257,  p.  53. 

Scaphites  abyssinus  Morton,     f Plate  XXXII,  figures  1,  la.) 

Frenchman  creek,  near  Cypress  hills.     Con.  Can  Pal.,  vol.  I,  p.  51. 

Scaphites  Nicolleti  Morton.     (Plate  XXXII,  figures  2,  2a.)  .  »,      i 

Twelve  miles  east  of  Frenchman  creek  near  Wood  mountam  and  Notukeu 
creek  (Old  Wives),  tp.  10,  range  11,  W.  3rd  mer.  Con.  Can.  Pai., 
vol.  I,  p.  52. 
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(Old  Wives),  tp.  ,orraA;r,1^  Kd  mer  c^"^^"/^-"''-  cre.<c 

In  Foxhilis  .ndstone  north  of  Wood  mountain.    Ann.  K.p..  .0,  /.  p  ,e  C 

Pl<^^tcetas  plccenta  Dtkay.     (Plate  XXYiv  a  .  -y       ^■ 

South  Saskatchewan  river  near  Fn^'^^''^"''^''  '•  "a) 

Frenchman  creek  at   IntSSaf  o^^  "r''  "PPOsite  Swift-current  creek 

north  of  Red  Deer  river?  8^41°  ^Ik^ols"^;   ^''^,   i?^'^"  =^k 

rvL^  Deer  river  above  Lorae  traH   tn   9?     '  ^»7  "ver,  and  also 
Con.  Car.  Pal.,  vol.  I,  p.  54     "'^  "^"'  ^P-  25,  range  16,  W.  4th  mer. 

Neutral  hills,  west  o?&*^„'di;,J^:,tLk"*:,„;f  "2;i^^^ 
Large  specimens  formerly  refemS  to  Vh^v".^-'  ""'•  ^^-  *>■  "  £■ 
Placenliceras  whilfieldi  Hyatt  '^'"  ^'^^  "°*  ^nown  a< 

river,     ^nn.  ^j^_^  ,„;  ^^^  ^^  ^^  ^^ 


Placenticeras  whitfieldi  Hyatt 

Sage  creek  south  of  Cypress  hills. 


Bu«. 


U.  S.  C.  S.,  No.  257.  p.  54. 


Man^^  specimens  listed  under  P.  pU^cenU.  are  now  recognised  as  P.  .«. 
iV««h/«5  rfeiay,-  Morton.     .Plate  XXX rv  fi  -,  ,    . 

Sa^e  „eek.  .uth  of  dpr^^ff'^i^T/^aO^  ^^  ^^^_^  ^  ^^ 

p„,        ,  CRUSTACEA. 

Paiaa^^  ( ?)  ornatus  Whiteaves     (Plate  Xxx^;  c 

Soundmg creek,  tp.  30. ranget  W^'^m^PLX'.L.  //.  ,.  ,,,  £. 

BELLY  RIVER  SERIES 

Ken*  si.    In  th'  (t  S    !.    '"'' "'"""  ^'^'"  <>'  <«  «a'ly 
n.a«ria,  and  '.,.  r™  a^Jl*   '%"    r"'""  '""  """^ 
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tion.  The  early  shore  dep)osits  were  covered  by  l)r:ukish 
water  beds,  succeeded  by  marine  shales.  The  retreat  of  this 
early  sea  was  slow  and  along  the  swampy  margin  fleposits  of 
lignite  were  formed.  Thus  the  marine  shales  are  covered  by 
brackish  water  beds  in  which  coal  seams  are  common.  The 
final  series  of  deposits  are  mainly  of  freshwater  origin  and  form 
a  large  part  of  the  beds  composing  the  series.  The  divisions 
that  it  seems  possible  to  make  in  the  ;  ries  comprise,  therefore, 
the  following,  in  descending  order: 

Pale  beds  (mainly  fresh  water). 

Foremost  beds  (yellow  banded  beds,  brackish  water). 

Pakowkt  siiales  (mainly  shales,  marine). 

Milk  River  sandstone  (mainly  fresh  water,  brackish  water  at  the  top). 

In  accordance  with  the  belief  that  the  material  in  these  beds 
was  derived  from  the  newly  elevated  land  to  the  west,  there  is 
found  to  be  a  general  decrease  in  the  f ragmen  tal  rocks  and  an 
increase  in  the  argillaceous  material  as  they  are  followed  eastward. 

On  this  account  the  character  of  the  rocks  forming  the  di- 
visions enumerated  changes  somewhat  and  it  is  difficult  to  be 
sure  of  their  correlation  on  lithological  grounds  alone.  In  the 
western  portion  of  the  area  it  is  probable  that  the  marine  shales 
are  wanting,  and  thus  the  Belly  River  series  is  repr«  ;ented  by 
a  series  of  sandstones  and  clays  in  which  no  subdivisiont  can  be 
clearly  recognized;  while  to  the  east  the  increase  in  the  thickn'^ss 
of  the  marine  shales  leaves  the  Belly  River  series  represented 
only  by  remnants  of  shore  formations — in  many  cases  brackish 
water  beds  surrounded  by  marine  beds.  It  is  not  known  how 
far  east  the  remnants  of  the  series  extend  into  the  marine  beds 
of  the  lower  Pierre. 


PALE   BEDS. 

Most  of  the  rock  exposures  in  the  valley  of  the  Oldman 
river  from  near  Big  Island  bend  (Plate  III)  to  the  mouth  of  the 
Little  Bow  river  and  others  on  Pothole  river  are  pale  beds. 
They  are  generally  light  coloured  sandy  clays  and  soft  and  ir- 
regularly hardened  shales  and  sandstones.  Dawson  mentions 
the  occurrence  of  typical  exposures  in  Fossil  coul6e.    The  general 


34 

ofthe  InTJ"^'  '■'*  """'""^  '■"  '^'  '^^^^-"puon  of  the  outcrop 

"As  previously  shown  in  detail  in  this  report  one  of  thn  m^  . 
constant  features  throughout  the  entire  distric   iL  the  oc  u^Tnce 

Creek^atov^  ^Tl  '^  '''  "'""  f^^"'""  '""  ^f^*^  '=*^«i«"«  «"  Sage 
Creek  above  alluded  to.  and  serves  to  assist  in  the  definite 
correlation  o  the  overlying  shales  with  those  above  the  coal  at 
Coal  Banks  Belly  River.  On  Sage  Creek  a  length  of  outcro '  o 
two  mdes  showed  a  southeastward  slope  of  the  base  of  t hi  Pierre 
at  the  rate  of  twenty-five  feet  to  the  mile,  though  this  miv  n^t 
represent  the  direction  of  greatest  inclination  here  Beyond 
th.s  place   the  general  trend  of  the  western  or  lower  edge  of  the 

toTe  f    7-U  '  ''"  ^""  ^^'  '^f  "-^'^  f-  about  f^rty  mile' 
o  the  low  h, Is  near  the  Bull's  head  and  north  of  Peigan  cTeek 

tiolT  P  'r''"'"^  ^"■^''''^  ^"  ^'^'^  '•'^^'^-  ^-t  of  Lake 
couTv  h  .  ^''•■'V°™^  ^^"  '"=>'-ked  plateaus,  while  the  lower 
eountry  between   these  and   the  lake,  in   the  valley  of  Manv 

the  u^^r^^^  ';l'"^  '''T'  "°"'  °^  ''•  ^'^'^^^  fin 'sectionsof 
the  upper  or  pale-coloured  portion  of  the  Belly  River  series 
After  a  concealed  mterval,  the  base  of  the  Pierre  shales    ^th 

ZZc^:^'''Tr'r'''''^  '^  ^«^""  --  ^"  ^  Su  -rs 

ch^racteHTeH  ?'r''"  ''''''"'■     ^ --""^  ^^e  hills  above 

characterized  as  near  the  Bull's  Head,  where  the  base  of  the 

to  ru'n         Jh'  '"""'  'j^'"'^^'^  ^^'^^'y-S  ^he  pale  beds  i  tappe  r 
Cre  k"  nTar  the'^'l   [^'  '^'""^   twenty-eight  miles   to' Ro 
creek,   near  the  Ime  of  the  Canadian  Pacific  Railway,  where  its 
relation  to  the  underlying  beds  and  coaly  base  were  aeaLnh 

Zl's^Tau'Tr-  !-''-^--LtheVrofX"bat 
decreases  by  at  least  three  hundred  feet,  though  the  direction 
ofd,p  IS  probably  more  nearly  east  than  north-eLt." 

d«cri^;Xrco;"^lr£'rc^i «-  po-uion  on «,.  M,,»„ri.  wh,™  it ..  ^ 


■■ 
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At  the  base  of  this  portion  of  the  Belly  River  sitIi's  there  is  a 
fairly  persistent  coal  scam,  and  as  may  be  seen  by  the  distribution 
of  the  coal  indicated  on  the  accomjjanying  map,  a  thin  coverinR 
of  these  pale  beds  is  very  general  over  the  plains  of  southern 
Alberta.  The  total  thickness  of  the  formation  is  present  only 
on  the  limbs  of  the  anticline,  for  instance,  at  Lethbridgc  and  in 
the  Milk  River  ridge  on  the  west  side.  On  the  cast  it  is  also 
present  on  the  western  slopes  of  Cypress  hills  but  no  records 
from  that  locality  are  available. 

The  section  along  the  river  channel  east  of  l.ethbridge  is 
not  continuous  and  the  thickness  must  be  estimated  in  part  from 
the  dip  of  the  beds.  The  calculation  indicates  the  presence  of 
nearly  7()0  feet  of  beds  in  this  section.  From  the  record  of  a 
well  drilled  at  Lethbridgc  there  seems  to  be  good  rctison  to  esti- 
mate that  the  Ijeds  have  a  thickness  of  651  feet  at  thit  locality. 
Eastward,  as  noted  I  --fore,  there  is  reason  to  lielieve  that  there  is 
a  decrease  in  the  thickness  of  the  beds. 

As  to  the  character  of  the  beds,  the  fossils  found  point  to 
freshwater  deposition  but  near  the  top  of  the  division  marine  or 
brackish  water  mol!us:s'  are  occasionally  found,  for  example  in 
the  exposures  near  Lethbridge,  on  Olilman  and  Pothole  rivers, 
and  in  Fossil  coulee.  The  coal  seam  mined  at  Lethbridge  is 
at  the  top  of  the  formation,  and  associated  with  the  beds  both 
above  and  below  it  there  are  distinctly  brackish-water  fossils. 

Fossils  from  the  Coal  Horizon  at  Top  of  Pale  Beds. 

Ostrea  inornataM.  and  H.     (Pbte  XVIfF,  figure  3.) 

St.  Mary  river,  near  mouth.     Con.  Can.  Pal.,  vol.  /,  p.  JO. 

Ostrea  sublrigonalis  E.  and  S.     (Plate  XVIII,  figures  4— tc.) 

Above  coal  seam  mouth  of  St.  Mary  river  and  on  Milk  River  ridge. 
Con.  Can.  Pal.,  vol.  I,  p.  30. 

Modiola  {Brachydonles)  dichotoma  Whiteaves.     (Plate  XXIII,  figure  S.' 
St.  Mary  river,  near  mouth.     Con.  Can.  Pal.,  vol.  I,  p.  37. 

Co'bicula  occidentalis  M.  and  H.     (Plate  XIX,  figures  5,  5a.) 

In  base  of  Upper  Pierre  group  on  Milk  River  ridge.     Con.  Can.  Pal.,  vol. 
I,  p.  40. 

'  In  an  adjoining  diwrict  to  the  north  the  beds  for  a  thickneM  of  over  300  feet  from 
the  top  hare  been  explored  for  r^maini  of  vertebrates  and  many  skeleton*  of  very  large 
wading  reptiles  or  dinosaurs  have  been  discovered.  The  descriptions  of  these  form  the  sub- 
ject of  many  memoirs  by  both  Canadian  and  United  Sutes  authors. 
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Fossils  from  Pale  Beds  (Upper  Portion  of  Belly  River  Series). 

Ostrra  glahraM.  an    H.     (Plate  XVM I,  figure  J.) 
Near  Bulls  he  ,J.     Con.  Can.  Pal.,  vol.  I,  p.  56. 

Oslrea  sublrifunalis  E.  and  S.  (Plate  Will,  figures  +-4c.) 

(Forms  resembling)  collections  of  1915,  from  mar  Tabcr. 

Anodonia  propatoris  White.     ^Plate  XV,  figun^  1.) 

Big  Island  bend.  Milk  River  ridge,  South  Saskatchewan  near  Red  Deer 
river,     ton.  tan.  Pal.,  vol.  I,  p.  5S. 

Unto  primaviis  White.     (Plate  XVI,  figures  1,  la.) 

Boundary  line,  range  27,  \V.  3rd  mer.,  and  collections  of  1915  near  Taber 
Con.  Can.  Pal.,  vol.  I,  p.  59. 

Unio  danae  M.  and  11.     (Plaie  XV,  figure  5,  5a.) 
Near  Coal  Banks.     Con.  Can.  Pal.,  vol.  /,  *  50 
Driftwood  bend.     Con.  Can.  Pal.,  vol.  I,  p.  65. 

Unio  consuetus  Whiteaves.     (Plate  XVI,  figure  4.) 
Milk  River  ridge.  Red  Deer  river. 
Bow  river,  near  Grassy  island.     Con.  Can.  Pal,,  vol.  1,  p.  60. 

Unio  senectus  White.     (Plate  XV,  figure  i.) 

Forms  resembling,  collections  of  1915,  near  Taber. 

.inomia  micronema  Meek.     (Plate  XIX,  figures  6-6c.) 

Forks  of  Bow  and  Oldman  rivers.     Con.  Can.  Pal.,  vol.  I,  p.  64. 

Sphaerium  formosum  M.  and  H.     (Plate  XVI,  figures  5,  Sa.) 

El    Mahans  coulAe,  and  Oldman  river  above  Lethbridge.     Con  Can  Pal 
vol.  I,  p.  61.  ■' 

Corbicula  occidentalU  M.  and  H.     (Plate  AIX,  figures  5,  5a.) 
Forms  resembling,  collections  of  1915,  Big  Island  bend. 

Mactra{Cymbof>hora)  olta^X.anAH.     (Plate  XXVII,  figures  1   la) 
Milk  Ri>'er  ridge.     Con.  Can.  Pal,  vol.  I,  p.  62. 
Fossil  coul6e.     Rep.  Prog.,  82-83-84,  p.  51c. 

Corbula  subirigonalis  M.  and  H.     (Plate  XIX,  figures  2,  2a.) 

Piegan  creek,  tp.  7,  range  6,  W.  4th  mer.     Con.  Can.  P-  I.  b  62. 

Collections  of  1915,  near  Taber. 

Corbula  perundata  M.  and  H.     (Plate  XIX,  figures  1-lb.) 

Piegan  creek  and  East  Fork  Milk  river.   Con.  Can.  Pal.,  vol.  I,  p.  62. 

ritysa  copei  White.    (Plate  XVII,  figures  7-7c.) 

South  Saskatchewan  near  Red  Deer  river  and  near  Bulls  head.     Con.  Can. 

Pal.,  vol.  I,  p.  63, 
Several  undescribed  species  of  gasteropoda  are  also  mentioned  resembling 

forms  such  as  Aporrhais  or  Anchura,  Goniobasis  tenuicarinata  and 

probably  Viviparus  Conradi. 


.u 


FORKMDST    HKOS. 


The  sicparation  of  tho  upimt  part  of  ilu'  Bi'lly  KiviT  serifs 
into  the  pale  and  the  yellow  ImxIs  and  sombre  beds  beneath  was 
not  carried  by  Dawson  to  the  stage  of  mapping.  The  presence 
of  several  coal  seams  in  the  lower  Ijeds  is  thought  to  render  them 
of  sufficient  importance  to  warrant  their  being  outlined  in  a  gener- 
al way  on  the  map.  This  division  furnishes  most  of  the  exposures 
on  the  upper  part  of  Verdigris,  Etzikom,  and  Chin  coulees, 
and  is  also  exposed  on  Milk  river  east  of  Fakowki  couk-e  and  along 
the  South  Saskatchewan  (Plate  IV).  The  upper  part,  described 
by  Dawson  as  consisting  of  a  carbonaceous  zone,  is  very  variable 
in  character.  In  an  exposure  north  of  Winnifred  there  is  fully 
100  feet  of  beds  in  which  small  coal  seams  are  found;  at  other 
places  the  coal  horizon  seems  to  be  thinner.  It  is  quite  evident, 
then,  that  if  the  coal  horizon  is  of  variable  thickness,  the  thickness 
of  the  formation  as  an  entirety  must  vary  in  like  manner.  The 
top  of  the  formation  is  placed  generally  as  a  certain  coal  scam 
that  in  various  places  is  important  enough  to  l)e  mined.  .\s 
the  seam  is  not  confined  to  any  exact  position  in  the  upfM-r 
part  of  the  formation  this  horizon  marker  is  not  strictly  the  iop 
of  the  formation  and  the  apparent  thickness  of  the  division  may 
for  this  rea.son  appear  variable.  The  following  is  a  generalizwl 
section : 

Yellowish  sands  and  clays  with  coal  seams 100 

Grey  sands  and  clays,  yellow  streaks 95 

Oyster  beds,  yellow  sands IS 

Dark  grey  clays,  ash  coloured,  streaks  of  sand  and  coal 50 

Sandstone  and  shale  with  some  coal ....  50 

310 

The  subdivision  called  "Foremost  b<  els"  seems  to  include 
along  with  the  "Yellow  beds"  certain  dark  shales  beneath, 
which,  but  for  the  presence  in  them  of  coal  seams  would  probably 
be  placed  in  the  Pakowki  shales. 

The  coal  seam  in  the  top  beds,  from  which  the  thickness  of 
the  formation  is  generally  estimated,  occupies  a  higher  place  in 
the  series  in  the  west  than  in  the  east;  that  is,  if  the  coal  horizon, 
or  what  we  may  call  the  yellow  beds,  is  100  feet  thick  the  seam 
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at  Tabcr  in  well  up  near  the  top;  the  wim  at  Bow  Island  is  prob- 
ably near  the  niiddlu;  and  the  seam  east  of  Winnifred  well  down 
in   the  series.     FollowinR  the  measures   toward   Me<licinc   Hat 
It  is  not  clear  that  this  horizon  isrepresent.-d,  and  the  coal  seama 
there  may  represent  the  coals  of  the  lower  part  of  the  Foremost 
beds.     The  .sections  which  would  give  the  thickness  of  the  forma- 
tion are  to  lie  found  on  the  Saskatchewai.  .ind  in  the  dry  coul6es 
to  the  south.     At  Verdigris  otuKh?  there  is  about  2()0  feet  of  beds 
exposed,  including,  at  least,  all  of  the  lower  part  of  the  formation, 
the  yellow  Iwds  of  the  upper  part  underlying  some  of  the  country 
on  each  side.     In  the  Lethbiidge  well  section  there  is  about  3SQ 
feet  of  l)c-ds  that  possibly  should  tw  included  in  the  formation; 
but  at  Taber,  where  the  section  i-  much  more  definite,  the  thick- 
ness is  only  300  feet  at  most,     (ioing  east,  as  mentioned  before, 
the  assumed  datum  line  for  the  top  of  the  formation  is  probably 
lower  in  the  section:  thus  from  the  coal  scam  at  Foremost  down 
to  the  shale  scries  below  is  about  200  feet,  but  as  may  be  seen  in 
the  sections  on  th.'  Saskatchewan  to  the  north  the  main  seam 
IS  overlain  by  100  feet  of  measures  containing  poor  coal  seams 
which  arc  probably  included  in  the  300-foot  section  at  Taber. 
Over  most  of  the  central  part  of  the  area  mapped,  for  example, 
along  Etzikom,  Chin,  and  Fortymile  coulees  the  section  shows 
a  thickness  of  about  200  feet  for  the  brackish  water  deposits. 
The  tr.msition  l>eds  at  the  tup.  representing  swamp  deposits 
laid  down  at  sea-level,  arc  probabh    100  feet   thick  and  were 
formed  during  a  period  of  rest  after  a  slight  elevation,  the  only 
movement  apparent  being  a  slight  depression  caused  probably 
by  a  shifting  of  load  owing  to  the  transportation  of  material 
from  the  mountain  areas  by  the  streams.     Thus,  apparently, 
a  slow  advance  of  the  sea  took  place  just  before  the  general  up- 
lift that  is  indicated  by  the  overlying  freshwater  beds  of  the  pale 
series. 


Fossils  from  the  Foremost  Beds. 

Anomia  micronema  Meek.     (Plate  XIX,  figure    5-<5c.) 

South  Sa^ikatchewan,  one-half  mile  below  Bow  river. 

vol.  I,  p.  64. 
Chin  coufte  north  of  Foremost,  1915  collections. 


Con.  Can.  Pal., 
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Ottrta  sublritonolis  E.  and  S.     (Plato  XVIII.  fiBure.  -J-^c.) 

W.xKlworth  mine.  Medki-  c  Hat.     Con.  Can.  P<il.  vol.  1.  P.f^-  , 

Hu^  W.  mZ"!Vr.  lU    tp.  3.  ran«c  U.  W,  4th  mer  ,  lOtS  collection,. 
Fortymile  coul*;.  Bow  Kivcr  hiKhway.  1915  collection,. 

Bow  Hver.  north  bank  o(.  Milk  river  5  m.l«  l«low  '^'kowk.  rouW*^ 

ami  south  t«nk  of  Milk  river  almve    I  akowki  cul.-*-,  40  ami  ItX)  feel 

alxjve  water  level.     Con.  Can.  Pal.,  vol.  I   P-  «' 

Coal  mine,  at  .Medicine  Hat^    ton.  <-•';>■  J"'.' ^±J-  ^blS Cllrctions 

Etzikon.  coul*c.  «T.  30,  tp.  ,-i.  ranRe  10   W ,  •»«h  ."i"     1915  f/""'^''""- 

Mouth  of  Fortymile  coulee  and  near  Crow  Indian  lake.      Ksp.  I  ro|. 

Chin  coui*e.  north  of  Koremosi,  1915  collection*. 

AnodonUipafaU€la\\)^\K<!.     (Plate  XV,  figure  2.) 

One  imle  below  mouth  of  Bow  river.     Con.  Can.  Pal.,  vol.  I.  p.  64. 

Modioia  Unuisculpta  Whiteaves.     (Plate  XXIII.  fiRurc-i.. ".  6a.) 
Fortymile  coulie.  wuth  of  Bow  river,  1915  collection. 

[/»,0<.n-5CMiM.andII.     (Plate  XV,  fiKur.-4-4«0 

•Iwo  miles  above  Woodpecker  island,     ton.  Can.  Pal.,  vol.  I,  p.  OJ. 

Unto  dana  M.  and  H.     (Plate  XV,  fnurcH  5,  .S.i.) 

Northwest  angle  Driftwood  bend.     ton.  tan.  I  al., 


I,  p.  6f>. 


UniodewemnusM.andU.     (Plate  XVI,  figllr.■^  .|.  .?al 

One  mile  below  mouth  of  How  river,     ton.  (.an.  Pat.,  vol.  I.  p.  00. 

Unio  supraeihbosus  Whiteavcs.     ^ Plate  XV U  fiRurp  2.) 

One  mile  below  mouth  of  Bow.     Con.  Can.  Pal.,  vol.  I,  p  00. 

Lnio  sefiertus  White.     (Plate  XV,  fisu™  3.)  ,    ,   ^  .- 

One  mile  below  Bow  river.     Con.  U«    Pal..  .<■/.  /,  p.  Oi . 

Corbicula  occidental, s  \I.  and  II.     il'lite  XIX.  H^iiiris  5,  .=; 
North  side  .Milk  river,  5  milis  Ix-low  I'akosvki  coulo 
vol.  1,  p.  07. 


Con.  C  dii 


Pal., 


Corbicula  cylheriformis  M.  and  II. 
Verdigris  coulee  near  Warner. 


(Plate  XIX.  I.,;iire3  4-4b.) 
Rep.  Proi.  *-'  -4'^.  p.  5_'  C 


Sfharium  fnrmosum  M.  and  II.      fl'late  XVI.  t.^iire.  '^.x,.) 

EaT side  Driftwood  bend  aud  one  mile  below  mouth  ol  How  nvcr.      C on. 
Can.  Pal.,  vol.  1,  p.  OH. 

C-rbula  suhlritonahs  M.  and  II.     (Plate  XIX   fisnr«  2   2a.) 

Ean  side  Driftwood  bend  and  near  mouth  of  How,  6  m.  e.  he b  ■  outh  o 
How  from  lower  l^^ds.  North  sic  e  M.  k  r.vcr  3  "!.!,«  W"  ''^°«>' 
coulie  and  40  feet  above  water  level  I  mile  west  oi  PakouLi  coulee. 
Con.  Can.  Pal.,  vol.  I,  p.  OS.  , 

Chin  coulte  north  of  Foremost  road  to  Bow  river,  1915  collection. 

(  ari-Hia  *crangttia/a  White  ..ves.     (Plate  XIX.  figtires  .3-3b.) 

Etiikom  coulee,  and  Hughscn's  mine,  sec.  10.  tp,  3.  range  11,  \\.  4th 
mer.,  1915  collection. 


It  I 


Rfp-  Prog.  82-84,  p.  53C. 
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Corbida  perundala  M.  AaA  H  (Plate  YIY  f, 

Assockted  with  C  iuhirio^lr       v-   *  ''^ures  1-lb. 

^  Prog.  82X.p:-57c'""^'"-     ^'"  ™°"'''  °f  Fortymile  coulee.     R,  p 

Etwkom  couMe.     Rep.  Prog.  82-84   i,   Sir 

Corbida  pyriformis  Meek. 

^ear  mouth  of  Fortymile  coulee 

mile  above  Kl^^c^olllIT' S^ '^a°„'  fj.,  'i^Cp.  7^'"  "^"  °« 

Planorbis  paucivolvis  Whiteaves      CPUfp  vy  c         .  ^       ' 
Mouth  of  Bow  rivpr  anJ  A    ^V^'^XX,  figure  4.) 

Con.  Ca^7alTvl  tpT^""  '*'°*  ^^  '■*'  ^'«^«  ">«  water  level. 

^^'"Moudf  Tr"-     ^-^'^'^  '"^VII,  figures  7-7.. ) 

Mouth  of  Bow  r.ver  and  6  mills  below."c.„.  C.„.  Pa/..  ../.  /,  ,.  r, 

Thaumastus  Hmnanformis  M.  and  H.     (Plate  XVrr   fi 

"K'^.^r^.'-.r''  "^  ^°-  riSls^^V'a'l^-fwt-tt^r:^   ,,„.  ^,„. 

"'"tSt'SnT?;^  (p,       XX.  figures  3-3d.) 

Etzikom  coulfe,  1915  collection.  '  ^-  ^^■ 

^'' &ut'h"'4"f "  1'"^''  (P'^'«  XX.  figure  1  ) 

S^uth  Saskatchewan  near  mouth^f  b'oI  river.     Con.  Can.  Pal.   .ol  I 

•  ^-  '^'  '"■  ^-  '*"««  "-  W.  4th  mer..  1915  collection 

Comohasn  sublorluosa  M.  and  U      (Plate  VVli    b 

Two  miles  above  Wood  Decker  i«fn!ii''  ^^"'^^  ^^ 

Con.  Can.  pj.,  ZTTp^S  ^""^  °"  ^^"  «''^^  Driftwood  bend. 

""^'S  sid*f ^fit^t^^^tnroid  ^''^'^-  ^-^-  ««"-  ^^ 

below  Pakowait"''v^L'!r„.7:[.;  „T?.  IV"  "^'^^  '  '"'"' 

Six-  miles  below  mouth  „f  nTi  '?  ^^11   figures  S-5b.) 
-.  .d  o„rmt  tit™;,  o?Br-e--Ct.:'^S 

^'''tatTid:tffat„ra!?d    /""^.'^  ^^'"-  ««"-  '.  'a.) 

-Mil.  river  5  ...erbe^l^'^prk^.lreS^  ^"^  ^^^  ^^l .,  ,  p.  rr. 

Campeloma  producla  White      (Pbtp  vvrt   c 

South^Saskatchewan  ^one  '^'^^^'■^T-.l:''i„ 


Can.  Pal.,  vol.  i, 


^^m 


41 


PAKOWKI    SHALliS. 

A  short  note  seems  necessary  to  explain  the  seeming  con- 
fusion that  has  arisen  in  respect  to  the  position  of  the  Lower  Dark 
shales  of  G.  M.  Dawson's  classification.  The  series  to  which 
he  gave  the  name  Belly  River  is  found  by  later  examination  to 
consist  of  two  sheets  of  shallow  water  and  continental  deposits 
separated  by  a  wedge-like  sheet  of  marine  sediments  of  Pierre 
age,  underlain  by  marine  shales  of  Colorado  agi',  and  overlain 
by  another  sheet  of  marine  Pierre  shales.  The  upper,  sandy 
series  is,  therefore,  underlain  by  a  Pierre  marine  shale  and  the 
lower  sandy  series  by  a  Benton  marine  shale.  As  the  two  sandy 
formations  and  the  two  underlying  shales  are  respectively  quite 
similar  to  one  another,  no  discrimination  was  made  between 
them  in  the  descriptions  and  the  sandy  members  were  mapped 
as  the  Belly  Rivei  series.  In  the  region  near  Pakowki  the  shales 
which  underlie  the  upper  sandy  series  were  examined  and  com- 
pared with  those  beneath  the  lower  sandy  series  in  the  flanks  of 
the  Sweet  Grass  hills  and  on  the  slope  of  Rocky  Spring  ridge  in 
Montana.  The  marine  deposits  between  the  two  parts  of  the 
Belly  River  were  seen  higher  up  Milk  River  valley  also,  near  the 
railwa\-  crossing,  where  they  are  quite  thin  and  sandy  and  were 
seen  to  be  abo\e  the  lower  sandy  beds.  Owing  to  the  presence 
of  lignite  in  them  these  beds  were  correlated  with  the  lignite 
El  ne  at  the  top  of  the  pale  beds  of  the  Pierre,  and  consequendy 
in  the  mapping,  a  band  of  Pierre  shales  was  shown  running  along 
the  top  of  Milk  River  ridge  and  down  to  the  International 
Boundary,  capping  the  northern  part  of  Rocky  Spring  ridge, 
and  the  shale  that  is  now  recognized  as  of  lower  Pierre  age 
was  mapped  as  upper  Pierre  in  the  Milk  River  ridge  and  farther 
east  near  Pakowki  as  Colorado. 

Fossils  were  collected  from  these  beds  at  several  localities, 
and  in  some  cases  were  taken  from  one  set  of  beds  and  in  some 
cases  from  the  other  set.  The  mixture  of  fossils  is  referred  to 
by  Dr.  Whiteaves  in  the  following  note:' 

"These  are  obviously  Cretaceous  but  their  exact  horizon 
in  the  upper  division  of  that  formation  has  not  yet  been  ascer- 
tained with  much  certaint>-. 


'CoK.  to  Can.  Pa!.,  vol.  1,  p.  78. 
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"Of  the  eleven  species  of  fossils  which  have,  so  far  been 
collected  from  them.  s.ven  or  eight  seem  to  be  dent  c"i  ^h 
forms  that  are  elsewhere  regarded  as  characteristic  of  th    ^rt 

ZZir  n  '  "'"'  ^'°"P'  ^"'  '^"^  P'-^^^"'^^  i"  these  shales  oi 
Scaph.es   ^iarrem  var.    Wyomin.cnsis,  and   possibly  of  Ostrea 

in  thetZ' '"'  '''^^  ''^^'  °""P^'  ^  ^■'«^''>'  >--  PositLn 

Rocky  bprmg  ndge  contain  a  typical  Benton  fauna,  and  are 
beneath   the  series  of  shore  deposits  referred   to  above      The 

^^l   Z  ?        ^"'^  '''"•  *''''""^°''"'  ^'S*''^^  i"  the  series  and  with- 

These  shales  it  is  claimed  do  not  occur  in  the  sections  on 

deLsit  "h-T  °'?"*  ^^"'  ^"'^  ^^'"^  "--=  ^"t  in  theTand" 
deposus  which  make  up  the  lower  part  of  the  Montana  serief 
a  zone  has  been  found  containing  marine  forms  which  may 
represent  the  near-shore  deposits  of  this  marine  series.  InThe 
sections  on  M.lk  river  and  Verdigris  coulee  sandy  shales  with 
enses  of  sand,  containing  a  marine  fauna,  probably  represent 

with  th"  "'^\°V'"  '"^P"^''  "'■■^'^  '^  '^-^  -  closelv  nssocia  ed 
^.th  the  brack.sh  water,  lignite-bearing  Foremost  be<ls  as  to  be 
almost  a  part  of  the  series. 

The  section  near  Milk  River  station  consists  of  the  iisnite- 

>ng  brackish  water  as  well  as  marine  fossils.  The  underlvin^ 
ser.es  repeats  the  beds  above  in  reverse  order  excepting  1  a  if 
contams  no  important  coal  beds  and  has  at  the  bottom  a  fresh- 
water sandstone.  The  Pakowki  shales  repre.sent  t!-,.  mrrine 
sands  and  clays  of  the  middle  of  this  section."  Marine  sha"     ke 

^L?X'  T"'  ""^'  °f  P""'^'^  ^''^^  on  the  ridge  running 
north  of  \\est  butte.  The  first  exposure  in  Milk  rfver  occurs 
a  shor  distance  below  the  mouth  of  Dead  Horse  Coulee  wh  re 
the  shales  are  brought  up  by  faults  or  fractures  and  are  underla  n 
by  sandstones.   The  mouth  of  Pakowki  coulte  is  the  type  locali  v 

there.     The  Foremost  beds  in  the  same  section  are  of  almost 


-^_l^ 
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the  same  colour  and  character  but  are  marked  by  great  beds  of 
oyster  shells. 

The  red  colour  which  characterizes  the  Claggett  in  Montana 
seems  to  be  confined  in  Canada  to  beds  at  the  base  of  the  forma- 
tion. The  upper  beds  in  the  Milk  River  region  and  on  the  South 
Saskatchewan  have  been  referred  to  as  the  sombre  shales  since 
they  seem  to  lack  any  definite  colour,  but  are  dark  grey  with  a 
brownish  to  yellow-brown  tint. 

The  position  of  the  shales  in  the  series  has  been  demon- 
strated by  the  well  sections  and  in  this  way  the  relative  thickness 
at  different  points  may  also  be  predicted.  '^^<'  edge  of  the  de- 
posit as  before  noted  is  somewhere  in  the  v. v.  iity  of  the  foot- 
hills. 

In  the  well  section  at  Lethbridge  there  is  about  215  feet 
of  shale  deposits  at  this  horizon  and  in  the  well  section  at  Taber 
about  311  feet.  Farther  east  the  formation  probably  thickens. 
At  Foremost  the  thickness  is  given  as  420  feet  and  in  the  boring 
in  Etzikom  coulee  385  feet.  At  Medicine  Hat  the  enclosing 
formations  are  largely  shales,  so  that  the  thickness  is  doubtful, 
but  may  be  about  500  feet  if  the  light  sandy  shales  beneath,  which 
run  to  300  feet,  are  classe  as  the  off-shore  representatives  of 
the  Milk  River  sandstones 

Fossils  collected  from  the  beds  neai  south  branch  Milk  river 
include  the  following: 

Nucula  canceUala,  Macira  {Cymbophora)  gracilis, 
Liopistha  undaia,  EnUUis  paupercula. 

From  the  shales  near  the  mouth  of  Pakowki  coulee  the  fol- 
lowing forms  also  have  been  collected : 

Ostrea  glabra,  Pteria  (Oxytoma)  nebrascana, 
Nucula  cancellata,  Tancredia  amerirana, 
Macira  gracilis,  Liopistha  undata,  Melania  whitearesi, 
Corbuta  perundata,  C.  subtrigonalis, 
Cardium  speciosum,  Enlalis  pauperj>erculum, 
Lunatia  subcrassa,  Tancredia  americana, 
Vanikoropsis  tuomeyana,  Rhytophorus  glaber, 
Bacuiites  asper. 

The  deposits  in  Montana  which  were  described  under  the 
name  Claggett  by  Stanton  and   Hatcher  are   thought  to  be 
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continuations  of  the  beds  here  discussed.     A  summary  of  Stan- 
ton's  description  is  here  inserted:' 

"Clag^cll  formation.— The  beds  to  which  the  name  Claggett 
formation  has  been  given  lie  above  the  Eagle  formation  and  below 
the  Judith -River  beds.  In  the  neighbourhood  of  Judith  (old 
Fort  Claggett),  where  they  are  well  exposed,  they  have  a  total 
thickness  of  about  400  feet  and  consist  largely  of  dark  clay  shales 
with  variable  intercalated  bands  and  beds  of  sandstone,  especially 
in  the  upp-r  half.  The  dark  shales  of  the  lower  part  of  the  for- 
mation contain  many  calcareous  concretions  which  yield  Gervillia 
borealis,  Baculites  ovatiis,  Baculites  compressus,  and  a  few  other 
forms,  elsewhere  regarded  as  characteristics  of  the  Fort  Pierre. 
The  yellowish  sandstone  beds  higher  in  the  formation,  especially 
one  about  200  feet  from  the  top  and  another  near  the  summit, 
are  often  locally  very  fossiliferous,  and  bear  an  invertebrate 
fauna,  of  which  the  most  conspicuous  species  are  the  following: 

Species  from  Upper  Part  of  Claggett  Formation. 
Tancredia  americana  Ma^ra  formosa 

Cardium  speciosum  Mactra  alta 

Sphaeriola  ?  endotrachys  Lunatia  subcrassa 

ifc/""   v'"'^'"  \-anikoropsis  tuomeyana 

7.'"^''5'a  gracilis  Baculites  sp. 

Liopistha  (Cymella)  undata. 

"This  has  long  been  considered  a  typical  'Fox  Hills' 
fauna,  and  a  number  of  its  species  do  recur  at  the  top  of  the  ma- 
rine Cretaceous  immediately  below  the  Laramie  in  Colorado 
and  elsewhere.  It  is  now  known  that  some  of  them  also  occur 
as  low  as  the  Eagle  formation.  The  shale  exposures  of  this 
formation  in  the  neighbourhood  of  Judith  have  been  identified 
as  Fort  Pierre  in  previous  publications.  The  'lower  dark  shales' 
mapped  by  Dawson  on  Milk  River  near  Pakowki  Lake,  Assini- 
boia,  are  the  upper  part  of  the  Claggett  formation.  There  is 
usually  a  gradual  transition  upward  into  the  Judith  River  beds, 
so  that  it  is  often  difficult  to  determine  the  exact  boundary." 

Fossils  from  beds  correlated  with  the  Pakowki  shales  in 
localities  outside  the  region  to  which  this  report  refers  have  been 
included  in  this  list  for  purposes  of  comparison. 

'  Bull.  uses..  No.  257.  p.  13. 
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Fossils  from  the  Pckon'ki  Shales  and  Correlated  Beds. 

Mem.  61,  p.  52. 


Lingula  snbspatula  Hall  and  ^leck. 

Reported  in  the  C!^„j,ett  shales  of  Moose  mountain 


Ostri-a  Rl'ihra  M.  and  H.     (Plate  XVIII,  fiiiiire  2.) 

Kight  miles  below  mouth  of  I'akowki  coulee.      Bull.  V.  S.  G.  S.  So.  257, 
p.  53. 

Inoceramus  nivtilnpsis  ("onrad. 

Upper  Smoky  river.     Rep.  Prog.  1S79-S0,  p.  I24B. 

Pterin  nehrd^rntiii  Kvans  and  Shiimard.     (Plate  XXI,  fii;ures  i,  3a. ^ 

In  I. a  liiche  shales,  25  miles  alwve  .Athabaska  Lamling.     .liin.  Rep.,  vol. 

V,  p.  2S  D. 
Milk  river,  west  of  Milk  River  station.     Con.  Can.  Pal.,  vol.  I,  part  I, 

p.  T). 
I'pper  Smoky  river.     Rep.  Prog.  IS70->in,  p.  124  B. 
Moose  Mountain  area.     Mem.  61,  p.  52. 

Pteria  Unguijormis  E.  and  S.     (Plate  XXI.  fij^ures  .S-,Sb.) 
Upper  Smoky  river.     Rep.  Prog.  1879-80,  p.  124  B. 

Tancredia  americami  M.  and  H.     (Plate  XXIV,  figures  6-6c.) 

Athabask.1  river,  25  miles  above  landing.     Ann.  Rep.,  vol.   V,  p.  28  D. 
Milk  river  below  Pakowki  coulee.  Bull.  U.  S.  G.  S.,  No.  257,  pp.  52-53. 

Corbiculci  cytheriformis  .M.  and  H.     (Plate  XIX,  figures  4-4b.) 
Verdigris  coulee.     Rep.  Prog.  1882-84,  p.  52  C. 

Volsella  like  V.  Meeki  E.  and  S.     (Plate  XXIII,  figures  3,  3a.) 
;r  Smoky  river,  Rep.  Prog.  1879-80,  p.  124  B. 

Lim     .        m'iU.i  ?  M.  and  H.     (Plate  XXVIII,  figures  2-2b.) 
Up         ')moky  river.     Rep.  Prog.  1879-80,  p.  124  B. 

Nuculana  otsulcnta  M.  and  H.     (Plate  XXVIII,  figures  4,  4a.) 
Upper  Smoky  river.     Rep.  Prog.  1879-80,  p.  124  B. 

Nucula  cancellatii  M.  and  H.  (Plate  XXIV,  figures  1-lb.) 

Milk  river  west  of  Milk  River  station,  and  at  mouth  of  Pakowki  coulee. 

Coil.  Can.  PJ.,  vol.  I,  p.  79. 
Milk  river  at  R.  N.  W.  M.  P.  station,  Pend-d'Oreille,  191S  collection. 
Upper  Smoky  river.     Rep.  Prog.  1879-80,  p.  124  B. 

Prolocardia  subquadrata  Evans  and  Shumard.     (Plate  XXVI,  figures  2-2d.) 
Upper  Smoky  river.     Con.  Can,  Pal.,  vol.  I,  p.  41. 
(Referred  to  P.  rara  in  Rept.  of  Prog.,  1879-80,  p.  124  B.) 

Moiiola  sp. 

La  Biche  shales,  25  miles  above  Athabaska  Landing.     Ann.  Rep.,  vol. 
V,  p.  28  D. 

Gonicma  americana  M.  and  H.     (Plate  XXVIII,  figure  3.) 
Upper  Smoky  river.     Rep.  Prog.  1879-80,  p.  124  B. 
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Liopistha  (Cymella)  undata  M.  and  H.     (Plate  XXVII,  figure*  4,  4a.) 
Upper  Smoky  river.     Rep.  Prog.  1879-80,  p.  124  B. 
Milk  river,  west  of  Milk  River  station.     Con.  Can.  Pal.,  vol.  I,  p.  80. 
Milk  river  at  mouth  of  Pakowki  coulee.     Bull.  U.  S.  G.  S.  No.  257,  p.  52. 
Milk  river  near  R.  N.  W.  M.  P.  station,  Pend-d'Oreille,  1915  collection. 

Mactra  (Cymbophora)  gracilis  M.  and  H.     (Plate  XXVII,  figures  2,  2a.) 

Milk  river  at  mouth  of  Pakowki  coul^.     Con.  Can.  Pal.,  vol.  J,  p.  79. 
Verdigris  coulee,  sec.  23,  tp.  3,  range  16,  W.  4th  mer.,  1915  collection. 

Melania  whiteavesi  Stanton.     (Phte  XX,  figure  2.) 

Milk  river,  8  miles  below  Pakowki  coul^.    Bull.  U.  S.  G.  S.,  No.  257. 
p.  53. 

Corbula  berundata  M.  and  H.     (Plate  XIX,  figures  1-lb.) 

Forks  of  Bow  and  Beily  rivers,  and  6  miles  below  Milk  river  near  Pakowki 

coul^.     Con.  Can.  Pal.,  vol.  I,  p.  69. 
Verdigris  coulee,  collection  of  1915. 

Corbula  subtrigonalis  M.  and  H.     (Plate  XIX,  figures  2,  2a.) 

Forks  of  Bow  and  Oldman  rivers,  Milk  river  south  side  6  miles  below, 
5  miles  below,  and  one  mile  above  Pakowki  coulee.    Con.  Can.  Pal.,  vol. 
I,  p.  68. 
Eight  miles  below  Pakowki  coulee.     BuU.  U.  S.  G.  S.,  No.  257,  p.  53. 

Cardium  speciosum  M.  and  H.     (Plate  XXVIII,  figures  5-5b.) 
Mouth  of  Pakowki  coulee.    BuU.  U.  S.  G.  S.,  No.  257,  p.  52. 

Entoiis  paupercula  M.  and  H.     (Plate  XXVIII,  figure  10.) 

Milk  river  at  mouth  of  Pakowki  coulee.      Con.  Can.  Pal.,  vol.  I,  p.  81. 

A-.iisomyon  paUlUformis  M.  and  H.     (Plate  XXIX,  figures  1-Ic.) 
Upper  Smoky  river.     Rep.  Prog.  1879-80,  p.  124  B. 

Lunatia  subcrassa  M.  and  H.     (Plate  XXIX,  figures  3-3b.) 

Mouth  of  Pakowki  coulee.    Bull.  U.  S.  G.  S.,  No.  257,  p.  52. 

Lunatia  concinna  Hall  and  Meek.     (Plate  XXIX,  figures  4-4b.) 

Athabaska  river  above  Athabaska  Landing.     Ann.  Rep.  vol.  V,  p.  28  D. 

Aporrhais  biangulata  M.  and  H.     (Plate  XXIX,  figures  6,  6a.) 
Upper  Smoky  river.    Rep.  Prog.  1879-80,  p.  124  B. 

Vanikoropsis  tuomcyana  M.  and  H.     tPlate  XXIX,  figures  2,  2a.) 

Milk  river,  8  miles  below  Pakowki  coulee.      Bull.  U.  S.  G.  S.  No.  257.  t>. 
53.  "^ 

Rhytophorus  glaber  VVhiteaves.     (Plate  XVII,  figures  4-4b.) 

Forks  of  Bow  and  Belly  rivers  and  Milk  river  near  Pakowki  coulee,     Con. 
Can.  Pal.,  vol.  I,  p.  69. 

BaculiUs  asper  Morton.     (Plate  XXX,  figures  3-3c.) 

Milk  n.er  at  mouth  of  Pakowki  coulee.     Bull.   U.  S.  G.  S.  No.  257. 
p.  52. 
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Baeuliles  compressus  Say.     (Plate  XXX.  figures  1-lb.)  ,     n-  i,. 

Athabaska  river,  25  miles  above  Athabaska  Landing  and  below  La  biche 

river.    Ann.  Rep.,  vol.  V,  p.  28  D. 
Moose  Mountain  area.     Mem.  61,  p.  52. 
Ghost  river.    Ann.  Rep.,  vol.  I  J,  p.  123  E. 

ScapMtes  ventritosus  M.  and  H.  .... 

Reported  from  Upper  Smoky  river.     A  Benton  species  which  may  prove 
to  be  loose.     Rep.  Prog.  1879-80,  p.  124  B. 

Hemiasler  humphre\sianus  M.  and  H.     (Plate  XXXV,  figures  1-lc.) 
Upper  Smoky  river.    Rep.  Prog.  1879-80,  p.  124  B. 


MILK   RIVER   S.\NDSTONE. 

The  Milk  River  sandstones,  as  the  name  implies,  are  found 
exposed  on  Milk  river  (Plate  VI).  They  have  long  been  recog- 
nized as  a  well-marked  horizon  in  the  Cretaceous  and  in  the 
"Report  on  the  Geology  of  the  Forty-ninth  Parallel"  by  Dawson 
exposures  in  the  vicinity  of  Coutts  and  on  the  headwaters  of 
Red  creek  were  so  designated.  The  outstanding  peculiarity 
that  characterizes  these  beds  is  their  habit  of  weathering  into 
castellated  forms,  a  feature  that  is  shown  in  an  illustration  of 
the  beds  on  Milk  river  north  of  West  butte  published  by  Dawsor 
in  the  Report  of  Progress  of  the  Geological  Survey  for  1880-81-82. 
In  the  section  on  Milk  river  a  series  of  transition  beds  at  the  top 
of  the  castellated  sandstones  resemble  in  almost  every  particular 
the  series  of  Pale  beds  at  the  summit  of  the  Belly  River  series. 
This  resemblance  is  well  shown  in  the  exposures  just  south  of 
the  station  at  Sweetgrass  in  Montana  just  across  the  International 
Boundary. 

In  the  earlier  reports  it  was  recognized  that  the  sandstones 
on  Milk  river  were  the  same  as  those  on  the  summit  of  Rocky 
Spring  ridge  and  were  above  the  shales  of  the  lower  slopes. 
Also  they  were  recognized  as  rising  to  the  south  toward  West 
butte  and  overlying  the  shales  exposed  there.  The  assumption 
that  these  sandstones  rose  in  the  banks  of  the  Milk  river  east- 
ward from  Dead  Horse  coul6e  and  overlay  the  shales  at  Pakowki 
has  lit>  ^  field  evidence  to  support  it  and  is,  in  fact,  disproved  by 
well  records  and  the  sections  to  the  north  of  the  river.  The 
Milk  River  sandstones  dip  under  the  Pakowki  shales  and  are 
penetrated  in  the  wells  bored  in  Etzikom  coulee  and  in  the  Milk 


48 

River  valley  east  of  Dead  Horse  coul6e.     The  sandstone  is  of 
varying    thickness    decreasing    toward    the    northeast      It    is 
porous  and  acts  as  a  container  for  natural  gas  in  the  Medicine 
Hat  area  and  farther  south  is  saturated  with  water  which  acts 
as  a  seal  to  the  natural  gas.    The  beds  dip  to  the  north  with  the 
general  surface,  but  being  covered  by  close-grained  beds  the  con- 
tamed  water  is  confined  and  acquires  sufficient  head  to  become  a 
FK.tential  artesian  supply  for  a  large  area.     Gas  is  being  used  from 
this  horizon  in  Medicine  Hat.    Small  flows  were  also  obtained 
at  Bow  Island  but  are  closed  off.    In  Verdigris  couke  it  is  found 
that  there  are  about  316  feet  of  beds  partly  exposed  and  partly 
bored  through  that  belong  to  this  division.     Another  test  of  the 
thickness  is  obtained  from  the  record  of  the  boring  in  sec    1 
tp    1.  range  12,  W.  4th  mer.,  where  it  is  thought  that  the  shales 
and  sands  just  below  the  Pakowki  shales  form   the  surface 
1  he  sandstone  series  is  here  about  295  feet  thick.    The  sandstones 
were  penetrated  in  another  boring  in  the  valley  to  the  north, 
but  the  record  of  the  well  is  not  available.    Another  section  was 
obtained  from  the  drillings  in    Etzikom  coulee  and   Foremost. 
The  thickness  given  in  th     log  of  the  United  Oil  Company's 
well  was  from  130  to  170  feet,  and  at  Foremost  the  Canadian 
Pacific  Railway  s  well  drilling  was  stopped  at  140  feet  in  the  sand- 
stone,    farther  north   at   Lethbridge  88   feet  of  sandstone  is 
credited  to  this  division  and  at  Taber,  where  the  record  is  reliable 
the  sandy  beds  are  interleaved  with  shales,  and  the  thickness  of 
the  tormation  seems  to  be  maintained  at  about  202  feet 

At  Medicine  Hat  the  sandstone  is  reduced  to  layers  varying 
from  a  few  feet  to  20  feet.  The  representative  of  the  shallow 
water  deposits  corresponding  to  the  thicker  land  deposits  far- 
ther  west  may  be  represented  by  the  brown  beds  about  300  feet 
in  thickness  that  lie  above  the  sands. 

Plant  impressions  have  been  found  in  these  beds,  and  fresh- 
water molluscs  have  been  found  in  the  upper  portion.  The 
rnain  body  of  the  sandstone  in  the  exposures  soutii  of  Milk 
nver  appears  to  be  of  continental  origin  and  contains  hardly 
a  trace  of  any  material  other  than  the  sand  grains.  The  shaly 
beds  at  the  top  and  bottom  of  the  formation  were  probably 
deposited  in  water,  and,  indeed,  the  greater  part  of  the  formation 
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to  the  eastward  may  well  have  been  assorted  in  brackish  or  even 
marine  waters. 

COLORADO  GROUP. 

Almost  all  the  rocks  of  this  group  in  Canada  are  marine 
deiK)sits.     There  is  possibly  one  place  in  the  area  discussed  where 
these  beds  come  to  the  surface.     Not  far  south  of  the  Interna- 
tional Boundary  they  are  exposed  on  the  flanks  of  the  Sweet 
Grass  hills  and  in  Rocky  Spring  ridge.     The  beds  underlying 
the  Belly  River  series  are,  generally  six-aking,  dark  shales  that 
cannot  be  distinguished  from  the  Benton  shales  and  are  found 
to  carry   the  same  characteristic  fauna.     Fossils  collected  on 
the  Sweet  Grass  hills  and  Rocky  Spring  ridge  include:  Ostrea 
congesla,   Pteria   nebrascana.     Corbulamella    gregaria,    Pyrijitsus 
neuberryi,   Baculitcs  asper,   and  Scaphites  warreni.      Details  of 
the  sections  are  given  in    the  chapter  devoted   to  descriptive 
geology.     Estimates  of  the  thickness  of  the  formation  are  far 
short  of  the  results  obtained  in  the  well  sections.    The  well  sec- 
tion in  sec.  1,  tp.  1,  range  12,  W.  4th  mer.,  gives  a  thickness  of 
1,745  feet  for  the  shale  series.     This  is  checked  by  the  results  of 
the  boring  in  Etzikom  coulee  soutVeast  of  Foremost  where  the 
measurement  is  1,776  feet  including  calcareous  days  Mi)  feet 
in  thickness  at  the  top  but  excluding  the  vari-coloured  shales 
beneath  that  have  been  regarded  as  rearranged  Dakota  material. 
The  record  of  the  Taber  well  shows  1,390  feet  of  the  shale  beds 
but  there  is  probably  a  slight  thinning  to  the  north  and  east, 
as  at  Medicine  Hat  there  is  reported  to  lie  about  1,000  feet  of 
these  lower  shales. 

DAKOTA  GROUP. 

No  exposures  of  Dakota  rocks  occur  nearer  the  region 
under  consideration  than  the  slopes  of  the  Sweet  Grass  hills, 
where  sandstones  of  this  division,  with  probably  some  of  Lower 
Cr«taceous  age,  arc  found  to  have  a  total  thickness  of  about 
535  feet.  Sections  of  the  Dakota  sandstones  are  also  obtained 
in  some  of  the  oil  bearing  records  and  S.  E.  Slipper,  who  has  been 
watching  the  boring  operations  for  the  Geological  Survey,  states 
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that  these  sands  may  be  distinguished  from  all  others  met  in  this 
Cretaceous  section  by  the  red.  green,  and  grey,  variegated 
colounng  of  the  top  beds.  The  highly  coloured  beds  seem  to  be 
variable  m  thickness  and  probably  occupy  basins  in  the  sandy 
surface.  The  well  in  Etzikom  coulte  penetrated  440  feet  of 
these  oxidized  shales.  Since  these  sands  occur  in  an  almost 
continuous  sheet  under  the  marine  shales  there  is  in  each  roll 
or  anticme  a  prospective  reservoir  of  oil  or  gas.  The  formation 
m  the  lower  measures  is  probably  saturated  with  silt  water. 
The  upper  sandy  beds  are  in  the  Milk  River-Bow  Island  anti- 
cl-ne.  apparently  filled  with  a  dry  natural  gas  and  constitute 
the  supply  beds  for  the  Bow  Island  gas  wells.  Lower  down  the 
anticlme.  at  Medicine  Hat.  the  gas  seems  to  be  replaced  by  salt 
water.  ' 

The  deposit  is  supposed  to  be  mainly  of  freshwater  origin, 
and  hole"!  occasional  plant  remains.  It  can  hardly  be  called  a 
coal  formation  in  Alberta.  The  inrush  of  the  Cretaceous  sea 
rearranged  some  of  the  top  beds  of  the  series  and  possibly  marine 
shells  may  be  found  in  these  beds.  The  emergence  of  this  por- 
tion of  the  continent  above  the  sea  was  accomplished  with  little 
disturbance  to  the  beds  under  the  plains,  so  that  it  is  probable 
that  the  Dakota  formation  has  long  retained  its  basin-like  form 
and  also  the  water  of  saturation  below  the  lowest  outcrop 
around  the  margin. 
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CHAPTf:R  IV. 

DESCRIPTIVE  GEOLOGY. 

The  natural  exposures  and  sections  in  this  portion  of  the 
plains  occur  as  a  rule  along  the  sides  of  valleys  and  as  many 
of  them  were  examined  by  Dawson  and  McConnell  the  descrip- 
tions in  the  report  of  1884  are  here  repeated,  supplemented 
by  a  few  sections  obtained  from  deep  well  records  and  prospecting 
operations  for  coal.  The  descriptions  are  arranged  in  a  series 
from  south  to  north  as  in  the  original  re{)ort. 


SECTION    ON    MILK    RIVER    AND    IN    THE    VICINITY    OF    THE    49TH 

PARALLEL. 

'"From  the  point  at  which  the  Milk  River  crosses  the  49th 
parallel,  for  about  ten  miles  north-eastward,  the  rocks  observe<l 
are  chiefly  sandstones  of  brownish  and  yellowish-grey  tints. 
These,  in  several  of  the  lateral  ravines,  assume  monumental 
forms  from  the  unequal  resistance  of  the  several  layers  to  weather- 
ing. At  the  point  last  defined,  rather  massive  beds  of  these  sand- 
stones are  found,  on  the  south  bank  of  the  river,  to  be  underlain 
by  the  blackish  shales  of  the  Pierre,  and  they  may  therefore  be 
assumed  to  represent  the  Fox  Hill  scries,  but  possibly  also  include 
the  lower  beds  of  the  St.  Mary  subdivision.  The  discovery  of 
the  Pierre  shales,  which,  owing  to  the  rounded  character  of  the 
banks  are  here  very  poorly  expwsed,  is  due  to  Mr.  R.  G.  McCon- 
nell. These  shales  are  here,  probably,  much  thinner  than  further 
north,  and  cross  the  valley  with  a  width  of  less  than  three  miles. 
They  appear  to  form  the  southern  edge  of  the  plateau  of  the  Milk 
River  Ridge,  which  here  borders  the  valley  to  the  north,  for  about 
seven  miles,  or  nearly  to  the  fxjint  at  which  the  Lonely  Valley 
enters.  Beyond  this  point,  for  about  five  miles,  the  river  flows 
south-eastward  and  cuts  through  a  higher  tract  of  country, 
forming  a  narrow  and  almost  canon-like  valley,  three  hundred 
feet  in  depth  and  less  than  a  mile  in  width  from  rim  to  rim. 

'  G«ol.  Surv..  Can..  Rept.  of  Prog.,  U82-«J-»4.  pt.  C,  pp.  37-43. 
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The  rocks  here  >hown  Iwlnng  to  the  pale  upper  pption  of  the 
Belly  Rivii  tries,  afnl  iinderlio  the  Pierre  shales'  diwvc  referred 
to.  They  consist  thietly  of  Kreenish-Rrey  sands  and  sandy 
clays,  and  thin  layers  of  soft  sandstonis  with  ralcarwjiis  or  fer- 
ruginous roncretif)ns.  They  are  to  all  appearance  horizontal, 
and  no  fossils  were  ot>^erved.  These  rocks  and  the  Pierre  shales 
were  more  carefully  stutliwi  in  the  Milk  River  RidRC  to  the  north, 
and  their  relations  are  descrilx-d  on  a  succeeding  page. 

"South  of  the  Milk  Rivvi.  and  near  the  49th  iiaralM,  about 
six  miles  west  of  the  South  Branch,  rocks  Ijclongi  ir  to  the  same 
area  of  the  Beiiy  River  scries  were  (liserved  by  me  in  1874, 
though  at  that  time  cr  ne..iisly  supiK)se(l  to  belong  to  the 
"I. ignite  Tertiary"  of  niv  rej)ori  As  this  locality  has  not  since 
been  visited  and  the  volume  referred  to  is  now  out  of 
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th>-  followmg  description  of  these  ro^ks  is  (pioted  from  it:- 

The  Ik-si  .  xposures  are  found  in  a  group  of  nail  hills, 
which  assumes  in  miniature  the  appeirance  of  badlands,  and 
stands  like  an  i-land  of  older  rocks  among  the  drift  deposit 
wliirh  lap  around  its  base.  It  is  an  outlier  of  a  plateau,  which, 
with  irregular  edge,  runs  northward  with  a  little  easting  where  it 
crosses  the  line.  The  beds  are  horizontal,  and  are  ex;  ised  for  a 
thickness  o(  alx)ut  sixty  feet.  The  lower  portion  of  the  section 
Is  «jf  pale  greeni>h-grcy  clays,  while  above,  the  greenish  colour 
is  not  so  marked,  and  there  arc  somewhat  massive  sandstones. 
In  some  places  the  latter  are  aim"  t  -:onglomcrii  ^.  and  hold 
many  small  pebbles,  the  majority  of  which  are  of  greenish 
shale.  They  also  hold  fragments  of  repiMian  bones  and  large 
Unio  shells.  Small  nwlules  occur  abundartly  in  some  layers 
of  the  lower  -reeTii-h  clays,  of  a  tint  similar  to  the  matrix.  The 
bones  are  found  in  considerable  abundance  in  all  parts  of  the  sec- 
tion, but  are  nuich  crushed  and  fissured.  When  emU'dded  in 
the  bank  they  are  purplish-bl.ick  in  colour,  but  on  weathering 
assume  whitish  and  rusty  tints.  It  i.-,  very  difficult  to  dig  the 
bones  out  of  the  bank  itself,  from  the  great  hardness  of  the  dr>- 
clay  relatively  to  that  of  the  fossils,  and  where  wa.shed  out  by  the 
rains  they  are  found  only  as  broken  fragments,  difiicult  to  re- 


*  Bearp.iw. 
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construct.  From  s(R'cimfn«»  oht.iini'il  hcri',  Howiait,  in  the  course 
of  a  few  hours.  Prof.  Cojx'  fintl.s,  bc'siilcs  many  broken  fragments 
of  Dinosaurians,  new  siHTies  of  Cionodon  and  Compsemy^,  which 
he  has  called  C.  sttnopsis  and  C.  a^mius,  re^jK-ctively. 

"The  greenish  clay  !r'(1s  are  clouhtlcss  formed  of  the  dis- 
integrated material  of  In-ds  of  green  shale,  similar  to  those  repre- 
sented liy  the  pel)l)les  in  the  conj;lomerates.  A  microscopic 
examination  of  the  clay  did  not  reveal  any  recognisahle  fragments 
of  green  mineral  or  rock,  the  colour  apparently  residing  in  the 
very  tine  argillaceous  matter,  through  which  a  few  large  partly 
rounded  grains  of  transparent  ((uartz  are  scattered. 

"The  S>uth  Hranch  of  Milk  Rivr  where  examined  hy  me 
near  the  49th  par.dlel  in  1874,  shows  drift  de()osit^  otdy.  Be- 
tween this  point  and  its  mouth,  the  valley  shows  at  one  point 
yellowi:ih-wcathcring  sandstones  irregularly  hard<-ned  and  bedded 
and  holding  some  ironstone.  These  appear  to  be  practically 
horizontal.  Several  miles  further  down,  near  the  conlluence  of 
this  with  the  North  Branch,  these  Iwfls  re-.i|i[X'ar,  with  nuich 
the  same  aspect,  hut  are  overlain  by  beds  of  a  different  character, 
which,  from  analogy  with  those  seen  in  the  Milk  Kiver  Ridge 
•md  elsewhere,  with  little  doubt  represent  the  base  ol  the  I'ierrc.' 
These  are  well  shown  in  ;i  scarpo<l  bank  about  one  hundred  feet 
high,  a  mile  and  a  quarter  uj)  the  Siuth  Branch,  and  i()n-.ist  of 
greyish  and  blackish  well  bedded  shales  and  sh.ily  sandstones, 
containing  one  highly  carbonaceous  la>er  whi(  h  alinnvt  resembles 
a  coal.  The  bedding  of  the  whole  is  wry  uniform  but  no  regular 
direction  of  dip  could  In.-  determined.  .\  fi  \v  fnignients  of  shells, 
among  which  is  a  Unto,  occur. 

"In  following  down  the  main  valley  of  Milk  Kiver  below  the 
mouth  of  the  South  Branch,  ^(■ctions  ix-cur  at  frequent  inlir\als 
for  some  miles,  of  bed-  quite  similar  to,  and  evidently  on  the 
same  horizon  with,  those  last  described.  The  carlMiii.iceous 
character  of  the  beds  here,  however,  becomes  more  pronounced, 
and  they  hold  three  or  four  coal  seams  which  occasionally 
attain  a  thickness  of  ovi-r  six  inches.  Af'er  a  concealed  interval 
of  about  a  mile  and  a  half,  at  a  point    ibout  four  miles  west  of 


'  Foremost  beds. 


54 

the  MacLeod-Benton  trail-crossing,  yellowish  and  grey  sandstones 
of  variable  hardness  and  appearance,  again  appear.  These 
were  at  the  time  regarded  as  probably  overlying  the  Pierre 
shales  last  described,  but  as  more  fully  shown  on  a  succeeding 
page,  reasons  have  since  been  found  to  show  that  they  probably 
represent  those  described  as  occurring  at  the  mouth  of  the  South 
Branch,  and  really  underlie  these  shales.' 

"Sandstones  of  the  character  of  those  just  described  were 
the  only  rocks  seen  in  the  Milk  River  valley  from  this  point 
eastward  for  many  miles,  but  the  exposures  are  infrequent  and 
small  on  this  part  of  the  river.  East  of  the  trail-crossing,  oc- 
casional outcrops  occur  in  low  bluffs.  At  a  point  four  miles 
east,  (near  Milk  River  station),  a  small  section  of  grey,  yelfowish- 
weathering  sandstones  with  intervening  yellowish-grey  and 
blackish  shaly  beds,  holding  Nucula  cancellata,  was  examined. 
There  is  here  an  appearance  of  light  northerly  dip  which  may, 
however,  be  merely  a  local  undulation. 

"Ten  miles  south  of  this  part  of  Milk  River,  vcrv  similar 
rocks  are  again  exposed  in  the  valley  of  Red  Creek,  "where  it 
crosses  the  49th  parallel.  In  a  bank  about  seventy  feet  high 
the  following  succession  of  beds'  was  observed,  though  no 
exact  measurement  of  them  was  made:— 

Gravel  and  boulders,  underlain  by  obscurely  stratified  drift 10  feet 

Greyish  and  yellowish,  sandy  shales > 

Yellowish,  soft  clayey  sandstone I 

Purplish-grey  shale 

Y>.llowish  sandstone I  in  f„„» 

Yellowish,  shaly  sandstone .'..'.'.'. f      ^^'• 

Irregular,  harder,  yellowish  sandstone 

Greyish  sandy  shales,  with  thin  layers  of  blackish  carbonaceous  clav 
as  base '  j 

"The  beds  are  here  believed  to  have  a  low  northerly  dip, 
and  rise  southward  and  eastward  with  the  general  surface  of  the 
country  to  the  summit  of  the  Rocky  Spring  Plateau,  south  of 
the  49th  parallel,  where  they  are  probably  represented  by  those 
forming  the  upper  layers  in  th'^  section  in  the  eastern  escarpment 
of  this  plateau,  referred  to  on  a  succeeding  page. 

■  Sandy  nunnn  of  Pakowki  ahalea. 

*  Upper  put  of  the  Milk  River  nuidMone. 
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"From  the  point  on  Milk  River  last  alluded  to— four  miles 
east  of  the  trail-crossing— to  the  mouth  of  Verdigris  Coulee, 
sandstones  not  dissimilar  to  those  above  d»»9crihed  are  seen  at 
intervals,  but  generally  in  small  exposures,  and  presenting  no 
points  of  especial  interest.  They  appear  throughout  to  be  hori- 
zontal, or  affected  by  light  indefinite  undulations  only,  but  the 
sections  are  so  inconsiderable  that  it  is  by  no  means  certain 
that  sandstones  really  preponderate  among  the  rocks  of  this  part 
of  the  river.  It  is  frequently  the  case  throughout  this  district 
that  the  harder  sandstone  layers  alone  appear  in  the  rounded 
and  grassy  banks,  while  other  and  more  characteristic  beds, 
owing  to  their  inferior  induration,  are  concealed. 

"The    rocks   exposed    on   Verdigris    Coulte   arc   described 
subsequently,  in  connection  with  those  of  Milk  River  Ridge. 
At  its  mouth,  a  peculiar  series  of  castellated  or  monumental 
sandstones   first   appears,'    the   summit   being   here   not    much 
above  the  level  of  the  Milk  River,  and  overlain  to  the  north 
by  the  beds  seen  further  up  Verdigris  Coulte.     P'rom  this  ix)int 
to  that  part  of  the  river  immediately  north  of  the  West  Butte 
(nine  miles)  and  beyond  into  Dead  Horse  Coul6e,  these  sandstones 
appear  almost  uninterruptedly,  and  disregarding  minor  undula- 
tions,   they   rise    persistently   eastward    and    attain    a    greater 
height  in  the  banks.     They  often  characterize  both  sides  of  the 
valley,  and  though  occasionally  forming  vertical  cliffs,  generally 
we.i  "  er  out  into  fantastic  monumental  forms  (Plate  VI),  one 
group  of  which  has  already  been  illustrated  in  connection  with 
the  preliminary  note  on  the  geolo.y  of  this  district.'    The  greater 
part  of  the  sandston.    is  soft  .uul  whitish,  but  certain  hanlcr, 
finely  stratified  or  false-bedded  layers,  generally  yellowish   in 
color,  have  served  as  protective  cappings,  or  project  in  cornice- 
like forms,  which  in  some  of  the  lateral  ravines  give  rise  to  very 
remarkable  instances  of  weathering.     At  a  point  three  miles 
east  of  Verdigris  Coulee,  the  sandstones  were  observed  to  be 
roughly  false-bedded  and   to  include  blackish  shaly  intercala- 
tions and  rolled   fragments  of  shale,   indicating  proximity   to, 
and   some   local   denudation   of,    the   underlying   series.     This, 

'  Milk  River  nnditone. 

'  Fronti«piec«  to  Part  B.  Report  ol  Progn-s*  1880-82. 
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about  a   mile   further  oaKt    w.^     u  .    • 

or  ironstone    in  whirl,   „     /     ./'"^"'-"    '''>t-rs    of    sandstone 

.nioiie,   in   whitli   no  fossils  am  d   be  found      Tt,„ 
sandstones   with  th„  i.„»  .•        .  louna.     ihe  same 

the  ^an.s  tC^l'SriS'?^/:^^- ^^:,T         !" 
ally  cease  to  ap^.  '""^  '"^  characteristic  andeventu- 

south-westward-the    munfrv      ""^    \^'-''\  R"ttc^-eight  miles 

abovedescribeda;:::,rr;:;K.S:  ra;d^^,;^''::s 

do.,btiess  the  same  whch  ^n         ^""''  ""^'^^"^  '^^^"'^'^^'  - 
Milk   River.  °""'  "'"  castellated  rocks  on  the 

Butt7anVR3  T'Y  '^''  '^'"  ^'^'^  ^"''  ^^^^-n  the  West 
«ime  and  Red  Creek  was  examined  by  me  in   1874    nn  i  \ 
not  been  revisitwl      Thr.,.„i,  '■*'  and  has 

various  couk-e      thev  ar.  '     ""T°"'  •^"^"^"''^^  ""^'"^  '"  'he 
plateau.     A  short  distance  west  of  this 

■  Thi.  correlauoa  should  omit  "the  mouth  of  Pakowki  coulfe." 
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synclinal,  sandstones  cviilently  representing  the  castellated 
beds  of  Milk  River  appear,  and  are  dcnihtless  also  the  same  with 
those  capping  the  eastern  edge  (it  the  Rocky  Sjiring  IMateau. 
These  heds  are  thus  described  in  the  report  already  several  times 
referred  to: — 

"  In  a  system  of  ra\ines  south  of  the  line,  alxnit  twenty 
miles  west  of  the  Butte,  these  sandstones  are  again  well  exposed, 
and  have  an  estimated  thickness  of  thirty  feet.  In  these  valleys 
they  occur  not  much  below  the  general  level  of  the  |)rairie,  and 
I'orming  the  upper  parts  of  the  banks,  givethemamoslpicturesque 
and  remarkable  appearance.  The  lower  layers  of  the  sandstone 
are  generally  very  regularly  bedded,  and  somo  of  them  are  ex- 
ceedingly fine  and  thin,  and  show  worm-tracks  and  other  obscure 
markings.  The  upper  beds  are  more  massive,  and  have  a  nodular 
character,  which  causes  them  to  weather  out  into  castellated 
forms,  resembling  in  some  places  those  of  the  Roche  Perc6e. 
Inderlying  the  sandstones  are  less  permeable  clays,  or  arenaceous 
clays,  of  light  colours,  of  which  I  did  not  succeed  in  finding 
gfKKl  exposures,  but  which  turn  out  numerous  springs  of  a  highly 
saline  character.  The  beds  apjiear  to  be  quite  horizontal 
in  this  locality." 

"The  escarpment  mentioned  in  the  succeeding  paragraph 
of  the  Boundary  Commission  report  is  that  of  the  Rocky  Spring 
Ridge  or  plateau.  Originating  near  the  place  last  described,  il 
runs  south-eastward,  gradually  increasing  in  elevation,  till, 
where  crossed  by  the  MacLe<xl-Benton  trail,  at  a  distance  of 
fourteen  miles,  it  has  a  height  alwve  the  plains  at  its  eastern 
base,  of  over  800  feet.  The  follow  ing  section,  in  descending  on'iT, 
was  measured  near  the  point  at  which  the  trail  descends  from  the 
plateau: 

Feel  Inches 

1.  Beds  imperfectly  exposed,  but  evidently  soft,  and  wherever  seen 

greyish,  shaly  sandstones,  or  san  iy  shales,  thinly  bedded .  90        0 

2.  Sandstones,  one  rather  massive  bed  of  thirty  to  fifty  feet  near 

the  top.  Other  beds  tlaggy  sandstones,  passing  in  some 
places  into  sandy  shales.  The  bedding  of  all  the  sand- 
stones regular,  and  surfaces  often  showing  ripple- marks 
and  annelide  tracks.  Two  series  of  jointage-planes,  caus- 
ing the  beds  to  weather  into  castellatiil  forms,  (..encral 
colour  on  weathered  surfaces,  dark  brownish 135        0 
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SnT'^uJ^'^, '"  P'^^"  yellowish-grey  sandy  shales    all  * 

ffnJy  bedded,  and  occasionally  h^ld^nrc^rcareournc!- 

90        0 

5.  Lead-grey,  soft  sandy  shales e  c        « 

6.  Ferruginous  ripple-marked  sandstone. ' '  (Fo^ii  bed  No.  l. j .' .' ; .'     o        6 

7.  Lead-grey  and  blackish,  thin  sandv  shalps    ^ith  u  »•     i 

m,s.s  of  dark  argillaceous  So^'et'f^d  :::{c'ar^o"uro'n: 

70        0 

460        6~ 

.h-  J^'°'"r*'',^  ^''^  °^  ^^''  '^"•°"'  t'le  beds  are  concealed  for  a 
thickness  of  about  300  feet,  when  the  surface  of  the  low^  pSn 
•s  found  to  be  composed  of  blackish  shales,  which  continue 
southward  to  the  Marias  River.  continue 

to  th^^""  ^^T  ^T'  "'"'  ^"^  ^^^""^'y  immediately  adjacent 
o  them  are  descr.bcxl  together  on  a  subsequent  page.  From 
the  pomt  to  which  the  description  of  the  rocks  on  Milk  R^r 
has  l^en  earned,  that  stream  bends  abruptly  to  the  north,  fol- 
lowing a  narrow  valley  which  is  evidently  of  comparat  velv 
recent  ongm.  while  a  wide  trough-like  valley.'now  dry.  an7  bove 
allu.led  to  as  Dead  Horse  Coulee,  runs  through  eastward,  and  i 
aga.n  joined  by  the  river  six  and  a  half  miles  further  on.      )„ 

Indrndv  T  ""^^.^^.^'^'^  -"•^y-  -  ^ew  exposures  of  sandstones 
and  sandy-clays  w,th  ironstone  were  seen,  and  at  one  place,' 
three  m,,es  north  of  the  river,  in  the  front  of  the  low  pLelu 
which  here  runs  parallel  to  it,  a  bed  of  lignite-coa..  three  LtTix 
.nches  m  thickness  and  of  fair  quality,  occurs.     This  is  under  an 

For  a  mile  or  more  further  north,  similar  pale  sandy  beds  are 

irH;"jir'^"'^^^-'^ ''"''  ''^'^^ "  -^^'^  ^  "«^^ 

«rp  J'^'i  '^''k  ^''"''  '^"'''*'°"*=«  ^''Po««»  in  Dead  Horse  coulee 
riw  T,  ''  '  "■"""'""  ■^^"'^^  "f  ^'^y^  ^"d  sands  containing 
aJew  small  layers  o,  coal  and  on  Milk  river  east  of  the  mouth  o^ 

'  1  and  2  Milk  River  «uiditoner3  to  7  Benton  .Imles. 

•Foremo,,  ^.  (Vellow  W.  of  the  18.2-84  report)  overlyin.  the  Palcowki  .hale.. 


59 


the  coulte  the  clays  and  sands  appear  to  pass  upward  into  ru>ty 
shales  that  have  been  called  the  Pakowki  shales.  Thi-  actual 
contact  was  not  seen  by  Dawson  but  the  superposition  of  the  shale 
on  the  sandstones  may  be  observed  on  the  ridge  running  north 
from  West  Butte.  In  the  Milk  River  valley  the  sandstones 
disappear  eastward  under  the  shales  owing  mainly  to  an  easterly 
dip  but  assisted  probably  by  some  faulting,  as  is  indicated  in 
sec.  24,  tp.  2,  range  12,  about  2  miles  east  of  Dead  Horse  coulee, 
where  sandstones  in  thin  yellow  beds  are  exposed  for  a  short 
distance  dipping  to  the  east  and  showing  small  local  fractures. 
This  eastward  dip  probably  continues  across  the  rext  township, 
musing  the  shales  to  outcrop  in  the  banks  of  the  valley  to  a  fioint 
bi'voiid  the  mouth  of  Pakowki  coulee.  Sandstones  similar  to  the 
underlying  Milk  River  sandstones  appear  in  the  top  of  the  banks 
at  that  point  and  were  formerly  mistaken  for  them.  The  tran- 
sition IkhJs  above  the  Milk  Rivei  sandstones  hold  important 
coal  seams  in  places  and  their  position  in  reference  to  the  sand- 
stones has  been  established  i>y  tracing  them  to  points  where  they 
evidently  overlie  them. 

In  a  prospecting  bore  in  the  valley,  in  sec.  24,  tp.  2,  range 
11,  W.  4th  mer.,  the  Pakowki  shales  as  well  as  the  transition  beds 
above  the  sandstone  were  penetrattnl  and  a  porous  sandstone 
saturated  with  water  encountered  at  165  feet.  This  ai)pcars 
to  be  the  Milk  River  sandstone  and  to  represent  the  continuation 
of  one  of  the  northward  sloping  beds  of  Dead  Horse  coulee. 
From  it  a  heavy  flow  of  water  of  nearly  200,000  gallons  per  d.iy  is 
diverted  to  the  Milk  river. 

Continuing  Dawson's  description  of  the  valley:  '  "Al  a  point 
five  miles  west  of  the  Pakowki  Coulee,  they  (sandy  beds)  are 
found  capping  the  high  hank  of  the  ri\er  on  the  north  side,  of 
which  the  greater  part  is  composed  of  the  dark  shales.-  These 
sandstones  are  yellowish  in  general  tint,  hold  a  few  valves  of 
Oslrea  and  are  the  saine  with  those  more  fully  described  as 
occurring  at  the  mouth  of  Pakowki  Coulee,  liast  of  the  jioint 
last  referred  to.  in  consequence  of  a  light  anticlinal  ^r  perhaps 
merely  owing  t'-  the  decreased  height  of  the  banl-       iie  shales 

I  Gtij].  Surv..  Can..  Rept.  of  Prog..  1SH2-S3-R4,  pt.  C.  pp  4J  anl  +4. 
•  Lx>we9t  member  of  Foremoat  bed*  lying  on  the  Pakowki  shiUes. 
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"It  IS  probable  that  a  light  narrow  anticline  crosses  the  Milk 
nver  and  runs  .nto  the  n.outh  of  Pal<owki  Coulee    "he  co^' 

cla,,   «,„t  I  7  l'"^. '"'''' ""  «">•  »»"'i«on«  and  sandy 

arr  «„?'  ""°  ""IM  Mstward  rrom  the  Pakowki  Conk^  there 

^^.  •:„  tpr„r  Be?,;;-  sir;  ai^  sr  aif „„*r 

V^rus  and  a  G.„,<,*a«.  have  been  deter„,ined.  T^iMn^ 

'  I>akowki  shale*. 
•Foremost  beds. 
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section'  was  obtained  about  five  miles  below  the  mouth  of  the 
coul^  in  the  north  bank  of  the  valley  of  the  river: — 

Feet  Inches 

1.  Greyish,  sandy  clays 6  0 

2.  Laminated,  carbonaceous  shale,  with  four-inch  seam  of  lignite     6  0 

3.  Brownish  and  greyish,  sandy  clays 6  0 

4.  Shell-bed,  with  rusty,  ferruginous  cement.    Corbula  perundata, 

&c I  6 

5.  Lignite  (variable) 0  4 

6.  Brownish  and  greyish  clays,  Corbula,  &c 12  0 

7.  Brown,  thinly  bedded,  ripple-marked  sandstone 0  6 

8.  Greyish,  sandy  clay,  regularly  bedded 4  0 

9.  Oyster  bed 3  (I 

lU.  Brownish  and  greyish,  banded  sandy  clays 70  0 

11.  Brown,  hard  sandstone 1  0 

1 2.  Greyish,  sandy  clay 10  0 

1.?.  Laminated,  carbonaceous  sliale 1  A 

14.  Brownish-grey,  sandy  clays,  many  small  Oslreae. .     

Similar  beds  poorly  exposed.     To  water  of  river 132  0 

253  10" 


SECTION  SOITH  OF  MILK  RIVKR. 

"'The  rocks  displayed  in  and  about  the  remarkable  isolated 
mountains  known  as  the  Sweet  Grass  Hills  or  Three  Buttes  are 
of  great  interest,  but  owing  to  the  constant  danger  of  having 
our  horses  stolen  by  wandering  parties  of  Indians  in  this  vicinity, 
and  the  fact  that  these  mountains  lie  to  the  south  of  the  Inter- 
national Boundary  line,  it  was  not  deemed  expedient  ut  remair. 
long  in  the  neighbourhood.  A  general  description  of  the  Sweet 
Grass  Hills,  in  which  the  main  features  of  their  geological  struc- 
ture are  referred  to,  has  already  been  given.  Since  my  examina- 
tion of  the  East  and  West  Buttes  in  1874,  the  only  point  revisited 
has  been  the  flank  of  the  latter  mountain,  and  the  following 
description  is,  therefore,  almost  literally  quoted  from  my  report 
on  the  Geology  and  Resources  of  the  49th  parallel. 

"On  approaching  the  East  Butte  from  the  north  to  within 
ten  or  twelve  miles,  the  hitherto  nearly  horizontal  beds  are  found 
to  assume  a  distinct  dip  away  from  its  central  ma.ss.  In  the 
valleys  of  the  streams  which  seam  the  flanks  of  the  hills  and  fur- 
row the  surface  around  them,  numerous  more  or  less  extensive 

'  Lower  part  of  the  Foremost  beds. 

*Geol.  Sunr..  CuL,  Rept.  of  Prog.,  1882-83-84,  pt.  C,  p.  45. 
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exposures  of  rocks  evidently  representing  the  Belly  River  series  of 

Dykes   of   eruptive    material    traverse    the   sedimentarv 
rocks  surrounding  the  Buttes.  i..  some  places,  and  ap^'gene^ 
ally  to  have  a  direction  ra  liant  from  the  higher  fSs      In  a 
valley  about  ten  miles  north  of  the  summit  of  thel^as  '  Bu«e 
one  of  these  is  well  exposed.     By  the  wearing  away  of  the t ft'; 
urroundmg  base  it  stands  up  like  a  massive  partly  ruin^  wal 
^  resemblance  being  increased  by  the  fact  \hat  the  r^k  has 
been  broken  up  by  the  weather  into  quadrangular  WocS     Us 
observed  course  is  nearly  east  and  west.    The  rock  H  mica 
smSr    h",'  ^'^-'^'l-^-y  -'-r.  and  not  very  h"^i„  which 
ma^l  tabular  crystals  of  a  brown  mica  are  rtickly  scatter^ 
It  may  probably  originally  have  been  of  the  same  nature  whh 
bv  thTin      "'""^  °^''•^  ^"""'  ''"^  •>-  »— e  mor'ba^c 
ro'ck   aid  haT"'""  ^^  '"J?"^  °' ''''  -rrounding  sedimentary 

his  aVcumstanr^'n  f  '^"^"'"'  '"'"-^'°«i-'  character  from 
tnis  c  rcumstance  and  from  more  rapid  cooling.    The  clays  and 

llt^eH      a7i     the  dyke,  where  they  are  contorted  and  much 
tT^.       r  °^'^''''"  "'■"  "''""'^^"^  •"  «""^  °f  the  surround 
nlzed  ''^'""'"'  °^  '''"'''''  ^^"""^'«  ^^^^  -'so  recog- 

consti?u"t.nTm"^'"^  "'f  ^'  ^""''  '^'  ^''^'^  ^'  ^^-  ^^"nd 
mass  whn!  T"  7.  "  "'"tinuous  ridges  round  the  central 
eTi  J  Th?;  r?:-  •"^^"'^"•"g  strata  are  not  usually  well 
exposed.  The  total  thickness  of  the  beds  seen  is  not  very  great, 
as   the  ground   rises  almost  equally  with   the   increasing  dip 

thoLatrfLTor.r'^'  '"-^^"^  p'^^^*^^- "-  ^°  -^'^-  ^^-'^  -; 

anct  altered,  and  dipping  very  steeply  away  from  it.     They  arc 

of  "riS::';'''?'^  '"^"r^  ''^''  '*-'^-  ^y  -"V  smin  team 

dLSa     Ip^-o?        •  •"  "Ir"''  "  '^^^^"'  examination  failed  to 
aetect  a  trace  of  any  metallic  material. 

East  filnr'  '''" '«"^"\'"^«s.  and  lowest  in  the  series,  on  the 

ness  .     On  ;k         ^"  °^  '^""'^'"^^  ^""^^*''"^-  "^^  of  great  thick- 
ness.     On  these  rests  a  considerable  thickness  of  hard,  blackish, 

'  Probably  Dakota  randitone. 
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fissile  shale,  in  which  no  characteristic  fossils  were  found,  but 
which  doubtless  represents  those  subsequently  described  as 
occurring  at  the  West  Butte.  Above  this  is  a  rather  important 
sandstone  series,  much  of  which  is  regularly  bedded,  but  which 
in  some  places  is  nodular,  and  gives  rise  in  the  valleys  which 
cut  through  it  to  castellated  step-like  and  fluted  rocks  of  pic- 
turesque appearance.'  These,  with  little  doubt,  represent  the 
castellated  sandstones  described  on  Milk  River,  and  are  followed 
by  the  beds  above  alluded  to  as  probably  referable  to  the  Belly 
River  series. 

"The  igneous  material  imposing  the  higher  peaks  and  cen- 
tral masses  of  the  mountains,  though  very  hard  and  compact. 
is  seldom  seen  actually  in  situ,  the  solid  rock  being  concealed 
under  a  great  depth  of  its  own  fragments.  These  fragmenU 
are  very  irregular  in  form,  but  generally  angular,  bounded  by 
plane  faces,  and  vary  in  size  from  a  few  inches  to  about  two  feet 
in  greatest  diameter.  The  rock  is  very  uniform  lithologically, 
in  appearance  and  composition.  Mr.  F.  D.  Adams  has  examined 
microscopic  sections  of  it,  and  states  that  it  may  be  called  a 
hornblende-trachyte,  rich  in  plagioclase.  Mr.  Adams  writes: 
'it  is  composed  of  orthoclase  and  plagioclase,  both  present  in 
large  amount,  and  some  hornblende.  It  is  therefore  intermediate 
in  composition  between  andesite  and  trachyte,  and  to  which 
class  it  may  best  be  referred  can  only  be  ascertained  by  a  partial 
analysis.' 

"The  highest  peak  of  the  West  Butte,  is  at  its  eastern  side, 
and  is  a  large  blunt-topped  mountain,  which  to  the  east  presents 
vertical  rocky  cliffs.  West  and  north  of  this  summit  lie  several 
important  peaks  and  ridges,  enclosing  a  rugged,  pine-clad  and 
rocky  area  of  some  extent.  The  foot-hills  of  the  West  Butte 
are  also  on  a  larger  scale  than  those  of  the  others.  The  sediment- 
ary rocks  are.  as  in  the  East  Butte,  found  to  dip  away  from  the 
central  igneous  intrusion  on  all  sides,  but  a  considerable  mass  of 
stratified  rock  has  here  been,  as  it  were,  caught  up  by  the  eruptive 
material,  and  occupies  the  depressed  central  portion  of  the  group 
of  mountains.     A  great  part  of  these  '^eds  dip  south-eastward 


>  Milk  River  MiuUtone. 
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at  a  rather  high  angle.    They  have  been  considerably  altered 

East  Butte,  and  .t  forms  shattered  and  rubbly  hill-tops  in  thesame 

^erJZet^T"'  ^"''°""  °'  '^'  '"^^  surrounding  this  Butte 
were  met  with  on  ,ts  western  side,  where  a  considerable  brook 
issues  from  the  central  valley.     Dark,  somewhat  indurated  shl^ 
precisely  resembling  those  described  on  the  Fast  BuUe    hi?: 
occur,  with  a  light  westward  rfm     tk»       .•  '  ""* 

f«  „^_  ..    t  westward  dip.     The  sections  are  not  such  am 

to  admit  of  exact  measurement,  but  the  thickness  of  the  ^hales 
was  roughly  estimated  in  1874  at  800  feet.'  A  few  fc^n;  ™ 
found  in  sandy  and  nodular  layers  associated  wi  h  th^  1^^^ 
which  were  at  the  time  supposed  to  represent  the  pS  grol^' 

he  sraL:';"'  tr^"^^  °^  ^^"^''"^  their  7:^: 

ine  locality  above  described  was  again  visited  in  1881    and  ad 

pt-r^rr  "'"-■ '"  -"■"' ""  «-i"^  '^stt 

ApcrrHa.    bu.n,ulata,     ScapMUs     Warreni!  L:iul'^'j:Z: 

m.«i'^"'^^''Ir'"^  "'^  ^''"y  ^''^'^^  '■"  ^^'"e  places,  are  rather 
massive  sand-stones  tilted  at  high  angles  against  the  flank    o 

cupymg  a  similar  position  on  the  East  Butte.    Overlying  t^e 

I'Tl  uTe  If  ?"'"?■  r^""^  ^°™  ^  P^-^-t  ridge 
at  a  little  distance  from  the  base  of  the  Butte.     On  the  w«t 

and'  ti-f  ^T  ^'^"  ^'P  '^^y  -'  -  -«>e  of  about  T? 

oflss     M     "  "'  ''"/°"^  '"'  '^  '^^f"-^-     The  investigLons' 
of    881-83  appear  to  show  that  the  shales  here  described  repr" 
sent  those  of  the  Rocky  Spring  Plateau  and  Milk  Ri^^r  north 

to  as  the  castellated  scries  on  the  same  river. 

pnami  uioK  of  Rocky  Spnng  platrau  but  not  thow  o/  MUk  riw. 
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"With  tegani  to  the  age  of  the  i!K>lat«l  ignwiis.  iiiuhms 
here  80  prominently  displaycfJ.  all  that  the  sections  provt  is 
that  they  arc  later  than  the  surrounding  Cretaceous  rocks, 
which  have  been  disturiacd  by  them  and  are  ( ut  by  their  dykes. 
They  are  probably  protrusions  quite  local  in  character,  thoukh 
with  possible  deep-seated  connection  with  the  similar  intrusive 
masses  near  the  Missouri  to  the  south.  They  have  not,  however, 
at  all  the  character  of  modern  volcanic  cones,  and  no  rocks 
were  ever  seen  in  connection  with  them  which  had  even  probably 
cooled  at  the  surface.  If  of  the  nature  of  volcanoes  they  must  be 
very  ancient  ones,  of  which  the  cones  or  stumps  now  only  remain, 
and  from  about  which  the  whole  of  the  ejected  material  has  been 
removed.  The  denudation  atfectins  the  roiks  tilted  up  around 
the  Buttes  has  been  very  great,  and  must  have  occurred  for  the 
most  part  in  Tertiary  time  and  before  the  glacial  period." 

SECTIONS   IN  THE   SWEET  CRASS   HILLS. 


Measured  by  S.  E.  Slipper  in  1915. 

A  partial  section  only  of  the  rock.s  below  the  Milk  River 
sandstones  was  obtainable  since  all  the  exposures  have  lieen 
disturbed  by  intrusive  dykes  and  small  secondary  plugs.  The 
best  results  were  obtained  along  the  valley  at  the  head  of  Sage 
creek  on  the  northeast  side  of  East  butte.  Here  the  lowest 
stratified  rocks  are  bluish  limestones  containing  crinoids  ami  other 
obscure  fossils  evidently  ol  Carbonifetous  age.  Lying  con- 
formably on  the  limestone  is  a  h.ird  Haggy  sand-tone  10  feet  thick. 
The  next  exposure  60  feet  above  is  of  impure  limestone  and 
calcareous  shales  9S  feet  thick  containing  Jurassic  fo-sils.  Bele- 
mnites  densiis  and  Gryphea  mlceola  are  common  forms.  Others 
collected  include  Perisphinctes  sp.  (  ?),  Aslarte  dakotctisi<,  and 
Tancredia  iiwrnaia.  Above  these  calcareous  beds  are  found 
about  130  feet  of  green  and  dark-coloured  shales  and  sandy 
shales  in  which  one  10-f(«)t  sandstone  bed  occurs  containing 
clav  pellets  and  plant  fragments.  These  beds  and  an  overlying 
massive  sandstone  arc  the  lower  part  of  the  Dakota  formation. 
The  rocks  above  this  were  so  disturbed  that  although  the  entire 
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Dakou  and  Benton  are  representH  no  measurements  were 
attempted  and  the  section  given  in  the  boring  in  sec  1,  tp.  1, 
range  12,  W.  4th  mer.,  has  been  incorporated  as  giving  a  truer 
mterpretation.     The  following   columnar  section  is  submitted 


il'eU  SettioH. 


Cretacnnu. 


Tkicmtu 
Jttt 


Milk  River  sanilstone     

Btnton  formation.  

Bluiih-grey  argillaceous  ahale*  with  thin  undatones 
Dakota  lorniation.  

Light  grey  and  green  nandttone  with  greenish  and  red  »halei,370 


295 
1,745 


Cretaceous.  ^^'^  ^"'^- 

Dakota  formation. 

( In-cn  and  chocolate  brown  clay  shale  ?n 

V  laggy  wndstone ri 

Hard  massive  grey  sandstone  . .   ] Ix 

Light  ^reen  sandy  shale  turning  bluish  grey  at  top  m 

mains'*''  "**"*  wnd'tone  with  clay  pellets  and  plant  re- 


Juratsic. 

Green  soft  shales  with  dai  k  stains,  no  fossils 40 

Dark  b  ue  calcareous  shale  with  BeUmniUs  densus. 50 

Dark  blue  impure  limestone  containing  Cryphea  cakeda  Peri. 

spnincles,  etc ,, 

Probably  dark  greenish  sandy  shales,' concealed . '.'.'.'.'.'.'.['..'.'.  66 

PtrmiaH-Triastk. 

Hard  grey  flaggy  sandstone jq 

Carboniferous. 

Bluish  massive  limestone  generally  crjstalline  with  cnnoids.. 


5J5 


201 
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S*cHMt  of  WeU  on  Stc.  1,     p.  I.  Ranu  H.  W.  4th  iltr.  (.P'Med  »y  the  Grand 
Trumk  Pacific  Dntlopmtnt  Compan    , 

ThickncKt  Depth  from 


Milk  River 
■anditone* Sandstone  and  sandy  ' 


lay 


Benton  1,7-tS  feet.  Shale  blur  grcv 

Shale    blue     grey     with    some 

lighter  siind 

ShaU;  bin*-  (jrey   ...    

Shale  and  white  brntonitc 

Shile  with  some  sand   

Shale  blue  gri%    


Dakota  and  Lower 
Cretaceous     5.i.> 


feet. 


Sind  lig;ht  Rrrenish  and  grrv 

Shale  green  and  red 

(iap  in  section 

("omparr  previous  section. 
'  The  beds  are  probably 
I  sandstones 395 

shales 165 


Jurohsic  19.=^   .et 


Permo-Triasi.  .^f- 
feet 


Blue  black  (.ilcnrcous  shale 
lircen  t;K-\'>fi  il<    


I.itjht    frre>     biiuri    calcareous 

iin<i'     in( 

>.>rvy    i<rowri    ihale    and    sand, 

C.llCiJ  (H)U9        

G'fiii  tinted  »and     


feet 


Carboniferoii.* White  limestone 
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90 

50 
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20 
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1.610 
1,700 
2,t>UJ 


2.1,?0 
2,1H0 


2,750 
2,770 


2,780 

2,790 
2,800 


!,900 


SECTIONS  IN  MILK  RIVER  RIDC. 

The  paucity  of  exposures  at  the  east  c-  :  «'    *'  i''   f     '  •" 
ridge  is  respKiiisible  for  a  misconception  in  the     ■  ''  .'.■.n-i'. 

The  marine  shales  of  the  Pierre  were  founc       ,  >''[■■      .  J'        ' 
freshwater  In-ds  of  the  Belly  River  seric-?  ...   C'.      .•  .'-.*  '.  >       rt 
and  at  the  top  of  the  ridge.     A  very  similar  sent  i  o.  •"«•     " 
were  found  at  the  mouth  of  Pakowki  coul6e;  and  '>"•.  '1;^ 

fossils  were  of  Pierre  type  their  position  below  the  yc.  >;^v  beds 
of  the  Belly  River  series  led  Dawson  to  correlate  them  with  the 
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Benton  exposures  in  Montana.  That  they  constitute,  as  they  do, 
a  lower  member  of  the  Pierre  was  not  then  recognized ;  and,  where 
this  marine  member  was  discovered  at  the  eastern  end  of  the  Milk 
River  ridge,  its  sandy  character  prevented  a  correlation  with  the 
Benton.  Accordingly  it  was  mapped  from  its  fossils  as  a  con- 
tinuation of  the  Upper  Pierre  and  a  hypothetical  anticline  was 
introduced  in  order  to  connect  ;he  two  members.  At  the  base 
of  the  I'pper  Pierre  there  is  a  coal  seam  (Lethbridge  seam) 
and  there  are  also  coal  scams  both  above  and  below  the  Lower 
Pierre  though  the  lower  ones  are  unimportant;  so  that  correlation 
by  means  of  the  coal  scams  is  of  little  or  no  value.  That  there 
was  uncertainty  even  at  the  time  the  earlier  reports  were  written 
as  to  the  correlation  of  the  Pakowki  shales  with  the  Benton  is 
shown  by  the  following  statement  by  Mr.  J.  F.  Whiteaves 
who  described  the  fossils:' 

"Of  the  eleven  species  of  fossils  which  have  so  far  been  col- 
lected from  them,  seven  or  eight  seem  to  be  identical  with  forms 
that  are  elsewhere  regarded  as  characteristic  of  the  Fort  Pierre 
or  Fox  Hills  group,  but  the  presence  in  these  shales  of  Scaphites 
warreni  var  Wyomitifiensis  and  possibly  of  Ostrea  congesta  may 
indicate  that  they  occupy  a  slightly  lower  position  in  the  scries." 
In  the  collection  examined  by  Dr.  Whiteaves  the  last  two 
species  were  collected  from  a  lower  shale  in  Montana  so  that 
the  last  remark  can  be  disregarded,  and  the  Pierre  age  of  these 
lower  shales  admitted.  Between  these  two  marine  shales  are 
interleaved  the  pale  and  yellow  divisions  of  the  Belly  River 
series  which  occupy  the  mass  of  the  eastern  part  of  Milk  River 
ridge.  Around  the  base  of  the  ridge  and  along  the  irrigation 
canal,  just  to  the  west  of  Milk  River  station,  the  yellow  beds  are 
exposed.  They  arc  of  brackish  water  origin,  and  contain  coal 
seams,  and  are  lietween  freshwater  deposits  above  and  marine 
sediments  below.  They  bear  a  distinct  resemblance  to  the  beds 
at  the  top  of  the  Belly  River  series  and  were  at  one  time  mistaken 
for  them. 

The  coal  seam  nt  the  top,  as  cxj«)sc(i  along  Milk  river,  is 
apparently  of  small  thickness,  but  at  the  tastern  end  of  the  hill 
and  in  the  hill  east  of  Milk  River  station  the  scam,  or  one  just 


■  Con.  Can.  Pal.,  vol.  I,  p.  78. 
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below  it  in  the  section,  is  thick  enough  to  mine.  On  sec.  26, 
tp.  2,  range  16,  there  is  a  small  mine  supplying  local  demands. 
In  the  northeast  comer  of  this  township  Dborn's  mine  is  on  the 
same  seam  which  is  there  split  up  by  clay  partings.  The  fol- 
lowing is  the  general  section  in  this  mine: 

Feet    Inches. 

Coal I  0 

Bone 1  i 

Coal 1  () 

Clay <•  .< 

Coal 0  5 

CUy 0  .1 

Coal 0  5 

4  7 

Coal.. 2  10 

Other  lignite  exposures  may  be  seen  on  the  road  iK-twccn 
sections  7  and  8,  tp.  3,  range  16,  but  none  is  of  sufficient  thirkniss 
to  mine.  The  coal-bearing  scries  is  best  exposed  in  Chin  coul^ 
at  Foremost  and  is  referred  to  in  this  report  as  the  Foremost 
beds.     Continuing  Dr.  Dawson's  description:' 

"Milk  River  Ridge  is  a  rough  irregular  plateau  varying  in 
width  from  six  to  twelve  miles,  and  extending  from  near  St. 
Mary  River,  eastward  parallel  to  the  Milk  River  for  alwut  forty 
miles.  Its  northern  edge  is  rather  abrupt,  and  rises  in  some  places 
as  much  as  600  feet  above  the  plains.  Its  southern  border  is  not 
so  well  defined  and  is  worn  into  a  succession  of  deep  bays  by  small 
streams  which  flow  into  Milk  River.  The  Lonely  Valley  cuts 
completely  through  its  western  portion,  and  there  are  several 
similar  but  less  important  gaps  running  through  it  from  the 
Milk  River  valley  near  its  intersection  with  the  49th  parallel. 
The  plateau  to  the  south-east  of  the  South  Branch  of  Milk  River, 
is  evidently  a  portion  of  the  same  area  of  high  land  whit  h  con- 
stitutes the  Milk  River  Ridge  pntjxr.  .As  already  stated  on  a 
previous  page  of  this  repor;,  the  plains  to  the  north  of  the  ritlgc 
arc  at  nearly  the  same  li\el  as— and  in  many  places  even  lower 
than — the  water  of  Milk  Riser  to  the  south. 

'  G«ol.  Surv..  Can..  RcdI.  n(  Proi;  .  1«»2-W  1*4.  pt.  C,  pt.  4S-52. 
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"Milk  River  Ridge  is  remarkable  on  account  of  its  complex 
geological  structure.  Its  western  portion,  composed  of  beds  of 
the  Willow  Creek  subdivision  of  the  Laramie  has  already  been 
noticed  in  connection  with  the  description  of  sections  on  the  upper 
Milk  River.  In  proceeding  eastward  the  St.  Mary  River 
subdivision,  the  Fox  Hill,  Pierre  and  Belly  Rivers  beds,  are  found 
to  outcrop  successively,  in  consequence  of  a  light  westerly  dip, 
which,  though  locally  interfered  with  by  light  undulations, 
appears  on  the  whole  to  be  persistent.  The  last  named  series, 
though  well  displayed  in  the  eastern  part  of  the  ridge,  was  in 
no  place  observed  to  form  the  surface  of  the  plateau.  The  high 
land  above  alluded  to  as  existing  south-east  of  the  South  Branch, 
is  probably  chiefly  composed  of  Pierre  shales' ;  and  in  bare  plateaus 
connected  with  it  to  the  south-west,  some  miles  south  of  the 
49th  parallel,  these  were  seen  from  a  distance  overlying  the  pale 
beds  of  the  Belly  River  series.  The  cent'  ;  and  eastern  nortion 
of  the  plateau  is  composed  of  the*  Fox  i^ill,  Pierre  an,.  Belly 
River  beds.  The  sandstones  of  the  Fox  Hill,  are  well  exposed 
about  seven  miles  north  of  the  plateau,  in  a  low  hill  which  is  cut 
through  by  the  Pot-hole  River,  where  Mr.  McConnell  observed 
the  following  section: — 

Fer>. 
Yellowish-weathering,  soft,  coarse  sandstone,  showing  branch- 
ing f  uccidal  markings  in  many  places 60 

Black  shales tS 

Flaggy  sandstones 20 

Black  shales  (to  base  of  section) 60 

16S 


"The  massive  sandstone  forming  the  top  of  this  section, 
and  which  undoubtedly  represents  the  Fox  Hill,  forms  a  steep 
cliff  facing  the  stream  and  extending  up  it  about  half  a  mile. 
Following  the  strike  southward,  it  is  again  seen  in  conspicuous 
exposures  about  half  way  up  the  northern  slope  of  Milk  River 
Ridge,  where  the  castellated  and  fantastic  form.s  which  this 
rock  frequently  a.ssumes  on  weathering  are  well  displayed. 


1  Later  obiervationi  show  many  expoturet  of  Milic  River  sandstones  with  marine  beds  of 
the  lower  part  of  the  Pierre  on  the  surface. 

*  This  statement  is  correct  for  the  central  but  rot  for  the  rastem  portion  of  the  plateau. 
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"In  the  valley  of  the  west  branch  of  Pot-hole  River,  where 
it  leaves  the  plateau,  the  sandstones  above  d'^scribed  form  thr 
upper  part  of  the  section,  and  overlie  about  one  hundred  and 
fifty  feet  of  black  shales.  The  '/rurremt;  of  this  sandstone 
on  the  Milk  River,  south  of  the  plateau,  has  already  been  alluded 
to.     It  is  there  about  sixty  feet  in  thickness. 

"To  the  east  of  the  outcrop  r/(  these  sandstonus,  the  Pit  rre 
shales  come  to  the  surface  in  a  t*lt  of  which  the  width  is  ex- 
tremely variable.  North  of  the  pl,«'eau  the  outcrop  is  about 
five  miles  in  width,  but  in  following  it  southward  it  is  found  to 
spread  eastward  over  the  entire  summit  of  the  plateau,  and  reach- 
es probably  to  within  a  few  miles  of  the  Maci.ewl-Benton 
trail;  while  the  western  edge,  or  summit  of  the  shales,  af)pears 
to  i-un  almost  directly  across  the  plateau  to  the  Milk  River. 
In  many  places  along  the  northern  slope  of  the  plateau,  the  valleys 
of  small  streams  afTonl  good  sections  of  the  base  of  the  Pierre, 
and  the  clays,  sandstones  and  sandy  clays  of  the  underlying 
Belly  River  scries.  Of  these  the  Ik^si  observed  are  in  an<l  near 
Fossil  Coul6e,  about  ten  miles  west  of  the  Nine-mile  Butte. 
The  actual  base  of  the  Pierre  is  best  shown  in  the  head-waters 
of  a  small  strcar>  which  flows  into  Middle  Coulee  (reek.  The 
shales  here  to  some  extent  lose  their  characteristic  dark  tint, 
become  gieyish  or  brownish  and  earthy  lfK)king,  and  hold  several 
small  seams  of  coal  and  carbonaeeous  shales.  The  mo^t  mn- 
siderable  coal  seam  is  not  more  than  eis;hleeii  inches  thick,  and 
the  section  here  is  closely  compa.'ahle  with  that  pre\iously 
described  in  Milk  River  fouth  of  the  ridge  An  <.y-ter-l.o<l 
identical  with  that  observed  it  the  mouth  of  St  >!arv  Rivi  r 
at  the  same  horizon,  occurs  in  a.s.siK'iation  with  the  coals  In 
this,  in  some  places,  the  calcite  of  the  shells  has  been  lar^jely 
replaced  by  iron  oxide.  The  exposures  on  the  he.id-waters 
of  I'^d.  Mahan's  Coulee  are  small,  but  probably  re[)resent  the 
top  of  the  Belly  River  scries.  On  Fossil  CouU-e,  tine  exj)osiin^  of 
the  series  last  mentioned  occur,  in  bare,  had-l.md  l)ank>  The 
following  is  a  section  of  the  greater  part  of  the  beds  there  ,iiown, 
in  descending  order: — 
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Dark  grey,  soft  sandv  clay 

Yellowish  sand  or  soft  sandstone 

Grey,  soft  sands,  with  some  bands  of  clay 

Grey,  soft  sandstone 

Greenish-grey  clay 

Grey,  soft,  shaly  sandstone 

Grey,  soft,  sand  and  sandy  clay 

Greenish-grey  clay 

Nodular  layer  of  impure  calcareous  ironstone 

Yellowish,  fine  sand,  or  soft  sandstone 

Dark  grey ,  sandy  clay 

Greenish-grey  sands,  irregularly  hardened  and  forming  projecting 

cornice-like  layers  of  sandstone 

Greenish  clay,  with  large  impure  leptarian  ironstone  nQ<lules . 

Greenish-grey,  sandy  clays  and  clays 

Yetlowish-grey,  sandy  clay,  with  layer  full  of  small  clay  pebbles  at 

top 

Yellowish-grey,  fine,  soft  sand 

Brown- weathering,  shaly  sandstone,  becoming  conglomoritic  with 

small  ciay  pebbles  in  some  places  (locally  developed) 

Grey,  soft,  fine  sand 

Grey,  fine-grained  sandstone 

Pale  grecnisH-grey  clav,  slightly  banded 

Pale  grernii-h-grey,  soft,  s;indy  clay , 

Grey,  soft,  clayey  sand.     The  upper  portion  full  of  small  soft  iron 

stone  concretions 

f ircy,  soft  sandstone 

dri)  Ish,  soft,  clayey  sand 


Feel  Inchti 

0 

0 

15 

0 

0 

0 

0 

0 

0 

6 

6 

3 

6 

5 
8 

6 

g 

0 

10 

0 

10 

0 

0 

6 

0 

0 

15 

0 

6 

0 

2 

5 

0 

123 


"Tlii-  sirlidii  may  be  regarded  as  a  representative  one  of  the 
upper  or  pale  portion  of  the  Belly  River  series.  Mr.  T.  C. 
Weston,  who  accompanied  me  (G.  M.  Dawson)  to  this  locality 
in  1883,  made  here  a  considerable  collection  of  fossils,  which 
included  Vnio  ami  other  freshwater  shells  resemhliuK  those 
abundant  in  the  lower  yellowish  jxjrtion  of  the  Belly  River  series. 
These  were  unfortunately  lost  in  transitu.  Mr.  McConnell 
collected  from  the  same  locality,  in  1882,  a  few  fossils  which 
indicate  that  some  of  the  beds  are  brackish-water  or  marine  in 
character.  Among  these  are  :  Pteria  Nebrascana,  Cymbophora 
clta  ( ?)  Volsella,  Nalica  (fragment),  Anchura,  Spironema, 
Anodonta  and  Unio. 

"The  eastern  edge  of  the  Pierre  shales  on  the  Milk  River 
Ridge,  owing  to  the  lack  of  expnasures,  can  only  be  very  approxim- 
ately defined.  It  probably  crosses  the  ridge  nearly  opposite 
the   head-waters  of    EA.    Mahan's   Coulee.     These  shales   are, 
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wherever  seen  in  this  region,  very  uniform  in  ap|)car.in'e. 
With  the  exception  of  the  lower  lieds  almve  alluded  to,  the  mass 
of  the  series  appears  to  be  made  up  of  very  dark  shales,  in  which 
sandstone  beds,  which  in  some  other  localities  form  a  prominent 
feature,  scarcely  occur.  Thin  layers  of  red-weathering  ironstone 
however,  are  occasionally  found,  and  numerous  concretionary 
masses  of  the  same  material  are  scattered  thmughout.  The 
only  fossils  observe*!  in  tiiese  l»eds  in  tliis  neiKhbnurhood  were 
fragments  of  an  Inoceramus,  of  an  Anmionitc  and  of  a  Baculite. 
"'1  111-  exposures  in  Kd.  Mahan's,  Middle  and  KippV  ('(ulces, 
north  of  the  s1o[k,'s  of  the  rid^e,  are  comparatively  in>iuiiiri(  ant. 
and  not  sufficiently  continuous  to  form  a  j;ood  Conniriioii  be- 
tween the  rocks  of  the  riil^;i'  and  those  of  \'e^di^;ri^  (Hulee. 
At  the  trail-crossing  of  Kd.  Mahan's  Coulee,  a  thin  ^ea^!  of 
lignite  or  shaly  coal  occurs  in  a  bank  of  greyi.^h  sandy  clays, 
the  whole  Ijcing  underlain,  in  the  IkkI  of  the  stream,  by  a  hard 
nodular  calcareous  layer,  much  fractured,  and  showing  cr\>ials 
of  calcite  lining  the  irregular  crevices.  The  horizon  of  these 
Ix-ds  is  somewhat  uncertain,  but  they  may  pos.-ilily  repre-ent 
the  base  of  the  Pierre.'  Two  or  more  species  of  Sphacrittm 
and  fragments  of  Goninhasis  and  Vivipariis  were  obtained  here. 
.Near  the  junction  of  this  coulee  with  Middle  Coulic  yellowish 
soft,  irregularly  bedded  sandstones  appear,  which  possibly  under- 
lie the  betls  just  described.  On  the  south  bank  of  Middle  Coulee, 
between  this  point  and  tiie  trail-crossing,  a  carl)f)naceous  layer, 
probably  representing  that  above  mentioned,  occurs,  but  the 
exposures  are  poor.  West  of  the  trail-crossing  on  Middle  Coulee, 
are  occasional  banks  showing  yellow  sandstones  and  grey  clays, 
for  alx)ut  three  miles,  where  beds  of  the  same  character  ami  on 
about  the  same  horizon  with  those  of  Fossil  Coulee  apiK-ar, 
and  are  well  shown  in  scarped  banks  west  of  the  entrance  of 
Middle  Could-'  Creek.  Similar  inconsiderable  exposures  oicur 
both  east  and  west  of  the  trail-crossing  on  Kipp's  CouU'e.  These 
doubtless  represent  the  Belly  River  series.  In  a  narrow  \alley 
which  connects  Middle  and  Kipp's  Coulees,  west  of  the  trail, 
scarped  banks  afforded  the  subjoined  section: — 


'  Thoy  fnrm  part  "f  llic  liiile  anj  yellow  l«d-  md  lio  at  tho  top  of  the  y.llow  teds,  below 
the  pak-  portion. 
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Feet  Inches 

Greyish,  flaggy  sandstone 10        0 

White,  arenaceous  clay 20        0 

Yellowish  sandstone  (to  base  of  section) 8        0 

SECTIONS  IN  VERDIGRIS  COULEE. 

"Verdigris  Coulee,  already  referretl  to  in  connection  with 
the  description  of  sections  on  the  Milk  River,  affords  almost 
continuous  sections,  for  many  miles,  of  the  Belly  River  series; 
though  from  their  character  it  is  difficult  to  decide  whether 
they  represent  its  upper  or  lower  portion.  In  the  lower  part  of 
the  coulee,  near  McConnell's  Lake,  the  banks  show  a  tendency 
to  bad-land  weathering  and  are  in  general  tint  greenish  or  pur- 
plish-grey. Yellowish  sandstone  beds  are  prominent  and  very 
irregularly  hardened.  Silicified  wood  is  very  abundant  in  some 
of  the  banks,  but  no  other  fossils  were  observed.  The  beds  are 
to  all  appearance,  perfectly  horizontal.  Similar  beds  at  the 
same  or  nearly  the  same  horizon,  continue  to  and  along  the  shores 
of  Verdigris  Lake,  but  are  generally  poorly  shown.  In  the  valley 
of  a  small  stream  which  enters  the  hike  from  the  south,  near  its 
north-west  end,  there  are  considerable  sections  of  grey  and  yel- 
lowish shales  and  shaly  sandstones,'  thin-bedded  and  rather  hard ; 
these  appear  to  have  a  very  light  westw.    '  dip. 

".About  a  mile  west  of  Verdigris  Lake,  in  the  north  bank,= 
a  thin  bed  very  rich  in  well-preserved  fossil  shells  of  a  few  species, 
was  found.  Among  these  are  Corbula  pcrundata,  Corbirula 
cytheriformis  ( ?)  Ostrea  and  Unio,  but  the  specimens  were  un- 
fortunately lost,  with  other  collections  from  this  district.  The 
rocks  in  tho  vicinity  are  more  thinly  bedded  than  those  near  the 
mouth  of  the  coulte.  Thin  yellowish  and  reddish  sandstones 
occur,  with  pale  or  dark  grey  shales,  which  occasionally  become 
impure  lignite.  Similar  rocks,  but  in  very  imperfect  exposures, 
in  which  the  sandstones  as  a  rule  alone  appear,  occur  on  both 
sides  of  Tyrrell's  lake  and  westward  to  Suds  Lake.  Their  hori- 
zontal attitude,  wherever  observed,  and  the  absence  of  sIo|H! 
in  the  bed  of  the  valley,  would  indicate  that  nearly  the  same 
horizon   is  representt>d   throughout.     Some  of  the  beils  on   the 

>  Pakowlu  Bhalea. 

'  Part  of  the  lorcmost  Ixils. 
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higher  part  of  the  coulte  present  a  marked  resemhlana-  to  thoM- 
seen  at  the  trail-croshing  of  Ed.  Mahan's  CoulC-e,  but  it  is  ini|)()s- 
sible  to  trace  out  minor  suixlivisions  of  the  scries  in  this  region." 
Observations  made  in  1915  show  that  there  is  a  distinctly 
northern  dip  to  the  beds  in  this  valley.  Casteliatetl  sandstones 
similar  to  those  described  on  Milk  river  are  well  ex|x>sed  near 
the  mouth  of  the  valley  and  from  some  of  the  ImhIs  fine  examples 
of  palm  leaves  were  collected  l>y  Mr.  C.  H.  SternlK-rg.  Fresh- 
water shells  are  also  reported  to  occur  in  them.  Nearing  Verdi- 
gris lake  the  sandstones  are  not  so  prominent,  and  softer  sandy 
shales  appear  which  represent  a  transition  to  marine  conditions 
of  deposition  and  are  the  westward  continuation  of  the  Fakowki 
shales.  The  following  marine  fossils,  provisionally  identifieil, 
were  collected  from  these  beds,  mainly  from  sandy  lenses  in  the 
shales:  iMaclra  'gracilis,  Crenella  5cr«'cta,  and  Tellina  equilalcralis, 
a  fauna  of  marine  type. 

To  the  north  of  Verdigris  lake  and  alwui  due  east  of  Warner 
(Plate  XIV)  the  rocks  are  those  of  the  next  higher  series  and 
represent  a  transition  back  to  brackish-wafer  conditions  with, 
probably,  intercalations  of  freshwater  or  land  deposits.  The 
series  is  coal-bearing,  and  apparently  the  seam  at  the  base  jiot 
above  the  marine  beds  is  of  importance.  The  section  in  the  bank 
includes  nearly  the  whole  of  the  division  called  the  Foremost 
beds.  At  the  top  of  the  bank  yellow  sands  are  exposed  together 
with  brown  shales  with  streaks  of  lignite.  These  beds  contain 
unios,  one  variety  resembling  a  large  form  of  Unio  priscus. 
A  thickness  of  about  50  feet  is  exposed  in  the  upper  part  of  the 
banks,  the  lower  part  being  concealed  by  surface  wash.  The 
northerly  dip  of  these  beds  is  shown  by  a  comparison  of  their 
elevation  with  that  of  their  representatives  near  Milk  River 
station.  About  a  mile  to  the  south  and  180  feet  below  the  top 
of  the  exposure  noted  above,  a  coal  seam  has  l)een  mined  on 
both  sides  of  the  vailey.  The  seam  is  about  5  feet  thick  and  is 
made  up  mostly  of  shale  with  streaks  of  coal.  Near  the  top  there 
is  12  inches  of  soft  lignite,  and  near  the  fltxir  there  is  12  inches 
of  what  seems  to  be  fairly  good  lignite.  Lower  down  there  is 
another  12  inches  of  lignite  of  which  the  quality  is  not  known. 
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A  deep  well  was  being  drilled  diirinc  the  summer  of  1915 
by  the  Stokes-Stevens  Oil  Company  on  or  near  sec.  22,  tp.  2, 
ranRc  14,  \V.  4th  mer.,  in  the  1x^1  of  the  roul6e.  The  exposures 
alx)ut  the  well  are  of  the  thick-bedded,  greyish,  castellated 
sandstones  of  Milk  river  (Plate  VI).  Near  the  top  of  the  bank 
the  IhxIs  are  particoloured  and  thin  and  are  interleaved  with 
shaly  layirs.  In  appearance  they  are  very  similar  to  those  form- 
ing the  top  of  the  pale  be<ls  in  the  upper  part  of  the  Belly  River 
series,  showing  the  recurrence  of  similar  conditions  of  deposition. 
The  thickness  of  the  l)e<ls  exposed  as  determined  by  aneroid 
readings  is  140  feet.  Beneath  these  beds  the  drill  penetratetl 
176  feet  of  santlstone  Ix-foro  entering  shale.  This  gives  an  esti- 
mated thickness  of  316  feet  for  the  sandstone  series.  A  sand- 
stone iK-d  from  5  to  10  feet  thick  was  encountered  about  2<X) 
feet  below  the  top  of  the  shale,  and  another  at  a  depth  of  1,700 
feet  from  the  toj"  of  the  well. 


SECnONS  IN  LLCKY  STRIKK  PI.ATK.Xf. 

In  the  region  north  of  Milk  river  and  south  of  F.tzikom 
coulee  (here  are  few  rock  exiK)sures  between  Verdigris  coulee 
and  the  rising  ground  of  the  Lucky  Strike  plateau.  From  the 
ap|x?aranci'  of  the  surface  it  seems  probable  that  the  sandy  beds 
containing  coal  seams  have  been  largely  destroyed  by  erosion 
over  the  area  extending  for  some  <iistance  north  of  Milk  river, 
and  that  the  marine  sandy  shales  floor  a  large  part  of  the  region. 
The  eastern  edge  of  this  eroded  strip  forms  the  western  etlge  of 
the  plateau  and  runs  northwest  through  tp.  3,  range  12. 

This  broad  valley  probably  formed  a  second  and  lower  drain- 
age outlet  when  Verdigris  coulee  was  abandoned,  following 
the  new  channel  to  the  north  of  Dead  Horse  coul6e.  On  the  edge 
of  the  Lucky  strike  plateau  several  coal  seams  have  been  found 
and  the  coal  mined  for  local  consumption.  Coal-bearing  meas- 
ures appear  to  underlie  the  plateau  inc!  'o  be  connected  with  the 
Foremost  beds  along  Etzikom  conito  where  their  fjosition 
directly  alwve  the  marine  shales  oi  the  i'ikowkicoul6e  establishes 
their  equivalence  with  the  coal-bearing  beds  of  Verdigris  couR-c 
north  of  Verdigris  lake. 
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West  of  Goddard  post-office  in  section  20,  near  the  northern 
edge  of  the  plateau  a  coal  seam  was  cut  in  a  wi  II  at  60  feet  from 
the  surface.     South  of  this  a  scam  outcrops  on  the  road  allowance 
between  sees.  15  and  16,  tp.  .1.  range  12.  W.  4th  njer.,  and  has 
been   mined    to   a    >mnll  extent   by  stripping  and  undermiritig. 
I  he  coal  is  overlain  hv  lx)u!(ler  clay  and  is  refK)rted  to  occur  in 
two  seams,  an  upper  scam  iO  to  34  inches  thick  and  a  lower 
seam  .^  feet  tJiick  separated  by  a  clay  parting  3  feet  thick.     The 
coal   horizon   is  exposed   to  the  southeast  at  about  the  same 
eUv.ition,  in  a  small  ravine  running  towards  Milk  river.     One 
of  the  upfM-r  .Mams  is  rejwrtetl  :o  contain  3  feet  of  k<h«I  coal  in 
sec.  1,  tp.  3,  range  12,  and  has  been  worked  for  several  sca.sons. 
Farther  cast,  ;i»  Himl-ridges  co.d  mine  (Plate  XI)  in  sec.  6,  tp, 
3,  range  11,  a  lower  seam,  27  inches  in  thickne-.,  is  mimd  by 
entry  into  the  face  cf  the  banks  of  a  small  ra\ino.     The  next 
exposure  of  this  coal  is  al  Hughson's  mine,  in  sec.  10.  tp.  3,  range 
11.  \V.  4th  mer.,  in  a  ravine  at  the  southern  f.ice  of  the  plateau. 
The  seam  worked  is  probably  one  of  the  lower  ones.     The  conl 
at  this  point  also  is  in  two  seams,  an  uppci  1  ftKit  4  inches  thick 
and  a  lower  1  foot  6  inches  separated  by  a  clay  parting  1  foot 
thick.     Light-coloured   sandstones  and  clays  overlie  the  seam. 
The  following  fos.,iIs  were  found  in  a  betl  ,it  the  top  of  the  bank 
SO  feet  or  more  above  the  coal:    Afytilus  subarcuatus.   Unto 
Prv>cui,Odreaglabra,0.subtrigonalis,  Corbulaperangulata,  Panopaa 
or  Tellina  fquilatfralts.     The  pl.u.au  slopes  to  the  east  and  north- 
east  wnere  it  forms  part  of  the  general  prairie  surface.     To  the 
east   it  slopes  gradually   to   the   Pakowki   depression.     In    the 
southern  and  western   borders  of  the  plateau   the  Uxation  of 
the  edge  of  the  coal-bearing  beds  is  indicated  by  a  change  in 
the  slope  of  the  surface  but  to  the  east  the  change  is  not  so  pro- 
nounced.    A  slight  step  may  Ix-  noticed  near  Faith  in  the  .southern 
part  of  tp.  4,  range  9,  crossing  northward  towards  the  northwest 
corner  of  the  township.    There  are  no  exposures  of  the  coal-bearing 
rocks,  but  a  few  streaks  of  co  .1  have  been  encountered  in  farm 
wells  in  the  vicinity,  below  the  overlying  surface  shales.     In  sec. 
15,  tp.  5.  range  9,  W.  4th  mer..  Mr.  McKenzie  drille<l  100  fcf 
and  found  no  coal.     The  water  from  this  well  tastes  of  ^c.U  ai>d 
IS  derived,  without  doubt,  from  the  Pakowki  marine  shale .. 
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SICTIONS  IN   ETZIKOM   COl'liE  AND  NOHrllWARD. 

In  the  upptr  part  of  Etzikom  coulee  there  are  very  few 
exfx '^ures  and  it  is  probable  that  the  undcrlyinK  rocks  are 
principally  liuht-c  lourtil  tl.i\  and  sands  belonging  to  the 
freshwater  portion  of  iht  dt^Mi^its.  The  top  of  the  brackish- 
water  bcils  with  the  coal  -earns,  if  (■xix)setl  at  all  should  tu  it  appear 
in  the  liottoiii  <•(  the  conU'e.  Thi  actual  outr  ^  is  no  doubt 
concealed,  but  coal  is  reported  to  occur  in  so'-  34,  tp.  S,  range  15, 
VV.  4th  iner.,  and  the  expoMiros  aniunfl  Cr  w  Indian  lake  show 
beds  similar  to  those  near  tin  top  of  the  brackish  beds  of  Fore- 
most. I  iwson's  description  of  the  .•  beds  is  very  full  and  is 
ht  re  reproduced." 

"In  Kuikoni  (Joul^  about  the  meridian  of  the  west  Butte, 
sections  were  examiix  f)  .ihout  fifty  feet  in  thickness,  which  evi- 
dently represent  the  yellowish  or  lower  portion  of  the  Belly 
River  series.  Thr  rocks  seen  were  soft  whitish  sandstones  and 
sandy  clay  ,  yeIlc)^'  ish  handsfones,  and  carbonaceous  purplish- 
grey  shales,  which  in  some  plads  approach  lignite.  They  are 
apparently  horizontal,  Ostrea  glahra  ( ?)  and  a  few  other  hells 
in  a  very  poor  state  of  preservation  were  obser\'ed. 

"Fourteen  miles  westward,  u.  the  same  coul6e,  similar 
rocks,  again  associated  with  lignitic  shales,  and  holding  fraRments 
of  Unio,  were  noted  by  Mr.  McConnell.  A  few  milts  west  of 
Lake  Pakowki  on  the  same  coul^,  villowish  sandy-clays  and 
sand-tones,  holding  Corbula  perundu,  were  observed  in  1881. 
Thi-  long  couUe  was  not  followed  throughout  its  (oursc,  thoujjh 
Chi.  Coul6e,  running  parallel  to  it  a  few  miles  to  the  north, 
was  pretty  carefully  examined,  and  the  horizontality  of  the  lieds 
leaves  little  room  for  doubt  that  practically  the  same  horizon  is 
represented  on  Inith." 

In  the  S\V.  \  <i  .vc.  31,  tp.  5,  range  10,  \V  4th  mer.  (Plate 
XIII),  dark  yellow  sands  and  drab  coloured  shales  sho-.v  in 
cuttini^s  along  the  road  allowance,  and  a  band  made  up  mostly 
of  oyster  shells  is  found  at  a  height  of  about  80  feet  '■ove  thi 
road  bridge,  in  the  coulee.     Specimens  of  Velatella.Ct  ouki.  and 


'  G«l.  Surv..  Can.,  Rev   of  Prog..  lR«2-83-»4.  pt.  C     p   52. 
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Ostrea  were  collected  from  the  band.  Higher  up,  near  the  top  of 
the  bench  and  probably  over  100  feet  above  the  bottom  of  the 
coulte,  streaks  of  lignite  form  a  small  seam  This  outcrop  pcrhapt 
represents  one  of  the  upper  beds  of  the  lu.ies  that  is  exposed  on 
Chin  coulee.  To  the  east  of  the  road  bridge  the  Jnitcd  Oils  of  Al- 
berta, a  prosjjccting  company,  have  penetrated  most  of  the  marine 
beds  of  the  Cretaceous,  according  to  the  rrcoid  of  their  boring 
which  follows: 

Lot  of  Vniled  Oils  WtU  No.  3,  Eltikom  CouHt.  5.  W.  \  Stc.  31.  Tp.  S,  Rant*  '0. 

W.  4tk  Mtr. 


For  mation. 


Strata. 


ThickncM 
in  feet. 


Surface  deposits  brown  rlay 


130 


Depth  below 

surface  in 
(eet. 


IJO 


Pakowki  Fine  lunil,  Krceniiih  grey  . 

«hak'«,     385  Shalu,  dark  ({■''di'h   

feet Sand,  dark  green 

Shalo,  grf^nish 

Sand,  greeniiih  blark 

Shale,  Krcenish  black  ... 

Soft  shale,  greenish  black 


Milk    River 

sandstones, 

J 70  feet. 


Coal 

Soft  shale 

Coal  and  black  nhale  . 

Sand  with  streaks  o(  roal 

Fine  sand,  top  of  water-bearing 
beds  (Flow  at  surface  16,(XH) 
gals,  per  day,  water  fresh) .... 

Fine  sand,  bottom  of  water-bearing 
beds 

Fine  sand,  light  grey 


Benton  shales,  Shale,  blue  black 

1,77)  feet.     Shale,  dark  greenish 

jShale,  blue  black 

jShale,  blue  black 

Shale,  blue  bla  k 

I  Grey  sand  (gas  50,000  ft.)     .      . 

iShalc,  blue  bla<  <  

I  Fine  sand,  st'H;!  ^rey  (salt  wat  er) . 

jShalc,  blue  black 

iFine  close  sand 

So^t  shale  (Bentonite). 


50 
20 
50 
67 
33 
50 
115 


5 

6 

6 

11 


75 
60 


65 

20 

.150 

500 

43 

2 

275 

2 

38 

20 

15 


180 
200 
250 
317 
350 
400 
515 


520 
526 
532 
543 


550 

625 
685 


750 
770 
1,120 
1,620 
1.063 
1,665 
1,940 
1.942 
1,980 
2,000 
2,015 
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Formation. 


Strata. 


Thickness 
in  feet. 


Depth  below 

surface   in 

feet. 


Benton  shales, 
1,776  feet 


Sand  (gas  10,000,000  c.f .) .... 

Sandy  shale 

Blue  shale 

Pebbles 

Sand 

Black  sand 

Sandy  shale 

Black  shale 

Sandy  shale    (at   2,250  feet 
water  7,000  bbls,  per  day) . . 

Black  shale 

Shale,  bluish 

Shale  and  grey  sand 

Shale,  blue  ^ey 

Shale,  greenish 

Shale  and  sand,  blue  grey 

Shale,  blue  grey 

Shale  and  sand 

Shale,  dark  grey 

Shale  and  sand 

Shale,  dark  grey 

Shale  and  sand 

Shale,  dark  grey 


salt 


5 
10 
40 
15 
25 
20 
30 
40 

100 

30 

15 

5 

10 

10 

5 

5 

5 

10 

15 

10 

15 

26 


2,020 
2,030 
2,070 
2,085 
2,110 
2,130 
2,160 
2,200 

2,300 
2,330 
2,345 
2,350 
2,360 
2,370 
2,375 
2,380 
2,385 
2,395 
2,410 
2,420 
2,435 
2,461 


Dakota  and 
Kootenay 
1,159  feet. 


Sand,  grey 

Shale,  grey 

Shale,  ^reen  and  red 

Sand  with  red  stains 

Shale,  brick  red 

Shale,  ^een  and  red 

Sand,  hght  grey 

Greyish  white  shale 

Fine  compact  grey  sand 

Hard  shale 

Pink  coloured  shale 

Black  slate  (shale) 

Fine  yellowish  sand  (salt  water) . 

Grey  shale 

■^nd 

Sand  saturated  with  heavy  oil  ... . 

Sand  generally  grey 

Shale,  blue  grey 


9 

15 

15 

5 

15 
15 
25 

155 
25 
10 

150 
10 
20 
45 
10 
65 

145 
15 


2,470 
2,485 
2,500 
2,505 
2,520 
2,535 
2,560 
2,715 
2,740 
2,750 
2,900 
2,910 
2,930 
2,975 
2,985 
3,050 
3,195 
3,210 


Limestone,  pey,  cream,  and  buff 
Shale,  greenish  grey 


410 

85 


3,620 
3,705 


The  upper  part  of  the  Benton  of  this  section,  that  is  from 
about  685  to  1,060  feet,  is  calcareous  and  on  that  account  has 
been  classified  locally  as  Niobrara.    The  calcareous  character 
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of  the  beds  probably  only  indicates  deposition  in  clear  water, 
as  farther  east,  at  Moosejaw,  there  are  calcareous  streaks  all 
through  the  Benton. 


SECTIONS    IN    CHIN    COULEE    AND    NORTHWARD. 

Two  mines  have  been  opened  at  the  bottom  of  Chin  coulte 
not  far  from  Foremost  which  is  located  on  the  south  bank  of  the 
coulee  in  range  11.  The  seams  mined  are  near  the  base  of  the 
formation  and  a  little  work  has  been  done  on  another  seam  higher 
up  near  the  surface  of  the  prairie.  The  section  in  the  coulte 
resembles  in  its  upper  part  that  in  Verdigris  coulee  and  con- 
tains, besides  coal  seams,  fossils  of  brackish-water  and  fresh- 
water types.  In  a  sandy  bed  lying  about  100  feet  below  the 
top  of  the  bank  on  the  south  side  ihere  is  a  layer  made  up  mostly 
of  oyster  shells,  including  Ostrea  glabra,  forms  resembling  Alelania 
insculpta,  and  Anomia  micronema,  and  fragments  of  Pteria 
nebrascana.  In  sands  lying  above  the  coal  seam,  near  the  bottom 
of  the  coul6e,  a  few  shells  of  Corbula  subtrigonalis  occur  and  man' 
of  the  smaller  C.  perundata.  From  these  fossils  it  may  be 
inferred  that  the  beds  are  transitional  in  character  and  mostly 
of  brackish-water  origin.  The  upper  beds  are  not  as  well 
represented  on  the  south  as  they  are  on  the  north  side  of  the 
coulte  where,  on  the  road  crossing  3  miles  to  the  east  near  the 
top  of  the  hill,  a  coal  seam  of  3  feet  or  over  is  exposed.  An 
oyster  bed  lies  just  above  the  coal  making  a  succession  similar 
to  that  near  Pend-d'Oreille;  and  a  few  feet  above  that  a  hard 
sandstone  bed  containing  Ostrea  of  a  broad  type. 

The  Foremost  beds  where  they  are  exposed  to  the  south- 
west, contain  many  streaks  of  grey  to  white  sandy  deposits  or 
sandy  shale  .  In  the  exposures  near  Foremost  a  dark  clay 
seems  to  have  replaced  the  sand  deposits  and  the  rocks  have  a 
more  sombre  look,  in  that  respect  resembling  those  on  the 
South  Saskatchewan  ard  in  Pakowki  coul6e. 

A  well  drilled  on  the  north  side  of  the  railway  reached  the 
water-bearing  sands  at  about  615  feet.  The  following  log  was 
obtained  from  the  constructing  engineer: 
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Wei!  Section  at  Foremost. 


Formation. 


Strata. 


Foremost  beds  Yellow  clay  and  stones 

196  feet jBlue  clay  and  shale 

iClay  and  stones 

Shale 

Sandstone 

Rock 

Clay  and  stones 

Rock 

Shale,  blue  sand,  and  coal.. 

Coal  and  hard  shale 

Shale,  coal,  and  blue  sand., 

Shale  and  coal 

Shale  and  sandstone 

Shale,  sandstone,  and  coal. 


Pakowki 
shales 
420  feet 


Shale 

I  Sandy  shale. 
I  Sandy  shale. 

Hard  pan 

Sandy  shale. 
Sandy  shale. 

Hard  pan 

Shale 

Shale 


Thickness 
in  feet. 


Depth  from 

surface  in 

feet. 


71 

8 

11 

8 

13 

2 

4 

1 

24 

12 

2 

14 
19 
17 


I 


71 

79 

90 

98 

111 

113 

117 

118 

132 

144 

146 

160 

179 

196 


The  well  was  subsequently  deepened,  and  at  615  to  625  feet 
penetrated  sandy  beds  containing  water  which  flowed  from  the 
top  of  the  well.  The  supply  of  water  increased  with  depth  and  at 
760  feet,  the  deepest  point  reached,  the  flow  was  about  7,000 
gallons  daily. 

McConnell  has  described  Chin  coulee  as  follows:' 
"Chin  Coulee  runs  entirely  through  rocks  belonging  to 
the  Belly  River  series,  good  sections  of  which  occur  at  many 
points.  The  Chin,  a  name  given  to  a  small  plateau  lying  north- 
east from  the  crossing  of  the  Cypress  trail  and  abutting  on  the 
coul6e,  is  composed  of  brownish-yellow  coarse  sandstones, 
thickly  bedded,  and  overlying  some  brownish  flaggy  sandstone. 

'  G«ol.  Surv.,  Can.,  Rept.  of  Prog.,  1882-83-84,  pt.  C,  p.  53. 
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"Between  the  Chin  and  a  point  about  twenty-seven  miles 
further  east  the  coulte  was  not  examined.  Below  that  point, 
the  banks  of  the  valley  are  usually  more  or  less  scarped,  and  show 
almost  continuous  sections  nearly  all  the  way  down  to  its  mouth; 
the  rocks  consisting  mainly  of  greyish  sands  and  sandy  clays," 
yellowish  and  greyish  sandstone,  lignitic  shales  and  ironstone! 
Near  the  mouth  of  Forty-mile  Coulee,  a  darker  band  containing 
a  number  of  beds  of  carbonaceous  shale  appears  in  the  section. 
Fossils  were  found  in  many  places,  Corbula  perundata,  Corbula 
pyriformis  and  Ostrea  glahu  being  the  most  abundant.  The 
last  named  fossil  forms  in  one  instance  the  greater  part  of  two 
beds,  in  the  same  section,  each  about  three  feet  thick.  North 
of  Chin  coulee,  and  near  the  point  where  the  Cypress  trail 
crosses  Forty-mile  Coulee,  a  small  coal  seam,  about  fourteen 
inches  thick,  occurs.  This  seam  is  probably  about  the  same 
horizon  as  the  coal  at  Medicine  Hat." 

The  main  ro.ad  connecting  Foremost  and  Bow  Island  crosses 
Chin  coulee  in  sections  1  and  12,  tp.  8,  range  11,  W.  4th  mer. 
On  the  east  bank  near  the  top,  a  coal  seam  is  mined  by  the  strip- 
ping method.  From  information  furnished  by  a  resident  of  the 
neighbourhood  it  would  appear  that  the  coal  occurs  in  two  14-inch 
seams,  separated  by  a  clay  parting  of  8  inches,  lying  just  below 
a  series  of  yellow  beds.  It  is  probable,  therefore,  that  it  occurs  at 
the  same  horizon  as  the  surface  seam  in  Chin  coul6e  to  the 
south. 

About  100  feet  lower  in  the  section  near  the  bottom  of  the 
coul6e  there  are  several  good  exposures  of  the  brackish-water 
beds,  holding  well  preserved  specimens  of  Melania  insculpta, 
Ostrea  subtrigonalis,  Modiola  tenuisculpta,  and  a  specimen  of 
Lunatia. 

East  of  this  point  in  Sevenpersons  coulee,  the  exposures 
resemble  the  pale  beds,  and,  if  they  really  represent  them, 
the  Foremost  beds  must  lie  below  the  bottom  of  the  coulee 
at  this  place.  The  coal  seam  dividing  the  two  formations 
comes  to  the  surface  on  the  slope  of  the  grassy  escarpment 
(Plate  XII),  and  is  mined  in  two  or  three  places  in  the  vicinity. 
It  is  probably  the  same  seam  that  is  mined  at  the  top  of  the  bank 


84 


of  Fortymile  coulee.    The  seam,   therefore,  dips    to  the  east, 
showing  a  fall  of  about  150  feet  in  13  miles. 

The  coal  horizon  no  doubt  underlies  the  lake  basins  of  the 
upper  pai  t  of  Fortymile  coul6e  near  Grassy  lake,  for  it  is  mined 
at  several  points  along  the  coul4e.  Near  the  road  leading 
south  from  Bow  Island  in  sections  14  and  IS,  tp.  9,  range  11, 
two  small  coal  hoists  have  been  installed  by  which  the  coal  is 
raised  from  40  feet  below  the  surface.  The  coal  is  sub-bituminou.. 
and  well  suited  for  ordinary  domestic  use.  The  seam  is  about  2 
feet  6  inches  in  thickness,  including  a  4-inch  band  of  shale,  and 
slopes  gently  to  the  east.  It  outcrops  at  the  head  of  Fortymile 
coul6e  and  is  mined  also  south  of  Grassy  lake  and  underlies 
the  town  of  that  name.  Several  shafts  and  slopes  have  been 
sunk  in  the  sides  of  the  valley  about  1§  miles  south  of  Grassy 
Lake  where  the  seam  is  reported  to  show  2  feet  6  inches  of  good 
coal.  It  is  mined  also  in  another  depression  about  6  miles  far- 
ther south.  The  seam  is  mined  also  in  sec.  23,  tp.  9,  range  13 
W.  4th  mer.,  vhere  it  has  the  following  section:  top  coal  2  feet 
6  inches;  bone  and  clay  1  foot,  increasing  to  2  feet  farther  south; 
lower  coal  1  foot  6  inches. 

At  a  mine  in  sec.  25,  tp.  9,  range  13,  W.  4th  mer.,  the  seam 
is  of  a  similar  character,  showing:  top  coal  2  feet  9  inches; 
parting  1  foot;  lower  coal  1  foot  6  inches.  At  other  mines,  the 
seam  is  reported  to  be  2  feet  5  inches  thick,  a  measurement 
that  perhaps  covers  only  the  top  bench. 

In  a  well  at  Winnifred,  according  to  the  best  information 
available,  the  coal-bearing  beds  of  this  horizon  are  cut;  the  first 
coal  seam  18  to  24  inches  thick  was  found  at  a  depth  of  150 
feet;  the  second  about  3  feet  6  inches  thick  at  180  feet;  and  the 
third,  apparently  a  workable  seam  froiu  4  feet  6  inches  to  5 
feet  in  thickness,  at  a  depth  of  220  feet.  The  surface  elevation  is 
approximately  2,740  feet. 

Other  exposures  of  the  coal  of  this  horizon  are  referred  to 
in  the  section  of  the  report  relating  to  the  South  Saskatchewan 
river. 

SECTIONS  ON   ST.   MARY   RIVER. 

In  the  lower  part  of  the  valley  o.  St.  Mary  River  are  exposures 
of  the  Upper  Pierre  shales  overlain  by  boulder  clay.     Near  the 
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mouth  and  within  the  area  of  the  present  map  the  base  of  these 
shales  and  the  coal  seam  at  the  top  of  the  underlying  Belly 
River  bed  comes  above  the  water  of  the  stream  (Figure  1). 
The  most  westerly  exposure  of  the  seam  on  the  river  occurs  in 
SE.  J,  sec.  2,  tp.  7,  range  22,  W.  4th  mer.,  where  the  beds  are 
brought  to  the  surfa,  ,  by  a  low  anticline.    Advantage  has  been 


Figure  1.    Outcrr     if  coal  seam  on  St.  Mary  river. 

taken  of  the  accessibility  of  the  coal  at  that  point  to  open  a 
mme  known  as  the  Magrath  coal  mine  (Plate  IX).  In  the  bank 
of  the  stream  at  the  crest  of  the  anticline,  near  this  mine,  the 
section  appears  to  be  as  follows,  in  descending  order: 

Section  near  Magrath  Coal  Mine. 

Brown  and  grey  shale ^f  ^'"\"- 

Sandy  shale  with  some  ironstone. . . .       n 

Greenish  grey  shale V 

Sandstone ' 

Grey  soft  shale ! " 

Coal 6 

Darkgrey  shale....... !.' ~ 

Coal ° 

0 


5 

2J 
11 
6 
0 
6 
8 
6 
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Feel  Inches 

Clay «  II 

Cool "  It 

Soft  shale '  f} 

Hard  sandy  shale "  ^ 

Soft  grey  shale f  ° 

Coal I,  I* 

Shalycoal "  * 

Co<a ]  }° 

Carbonaceous  shale *  '" 

Shale ^  I 

Coal "  * 

Shalycoal "  " 

Coal "  ^ 

Carbonaceous  shale "  « 

Grey  sandy  shale }  " 

Clrey  sandstone,  to  water •  " 

Exposures  of  the  coal  seam  occur  also  in  the  second  section 
to  the  east,  where  the  seam  rises  above  water  level  at  the  western 
edge  of  sec.  7,  tp.  7,  range  21.  It  is  mined  on  the  south  bank, 
at  Baker's  mine,  in  the  southeast  quarter  section.  The  coal 
at  the  mine  is  reported  to  occur  in  two  seams— the  upper  one 
about  3  feet  4  inches  thick  and  the  lower  one  3  feet  8  inches, 
separated  by  10  feet  of  sandy  shale.  The  plane  of  the  bed  is 
undulating  and  evidently  not  in  simple  folds,  but  is  affected  by 
transverse  waves.  Small  fractures  are  also  found  which  affect 
the  beds,  and  in  the  mines  near  Lethbridge  several  small  faults 
are  reported.  One  can  be  seen  on  the  right  bank  of  the  river 
just  above  the  road  bridge  with  a  displacement  of  about  15 
feet,  the  upthrow  being  on  the  north  side. 

1  ear  the  mouth  of  Pothole  river  the  coal  seam  dips  below 
the  level  of  the  river,  and  rises  to  the  surface  at  the  mouth  of 
Oldman  river. 


SECTJONS   ON    POTHOLE    RIVER. 

The  coal-bearing  zone  at  the  top  of  the  Belly  River  series 
is  exposed  at  the  waters  edge  at  the  mouth  of  Pothole  river  and 
rises  in  the  banks  for  about  half  a  mile  to  the  east.  It  then 
disappears  under  the  mantle  of  drift,  and  the  line  of  its  outcrop 
across  country  can  only  be  conjectured.  At  the  road  crossing 
about  a  mile  above  the  mouth  of  the  river,  the  rocks  exposed 
below  the  boulder  clay  consist  of  a  broken  mass  of  brov/n  shale 


I 
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mixed  with  clay  and  pebbles,  and  with  some  brown  shale  in  place. 
Below  the  shale  is  a  massive  grey  sandstone  which  is  seen  in 
the  St.  Mary  River  exposures  to  be  very  irregular  in  thickness 
and  beneath  the  coal.  Evidently  the  measures  carrying  the 
coal  seam  have  been  destroyed  by  erosion.  Farther  up  the 
valley  boulder  clay  seems  to  form  most  of  the  exposures.  An 
exposure  was  found  in  sec.  20,  tp.  6,  range  21,  which  showed 
the  boulder  clay  covering  to  be  very  much  thinner  than  near 
St.  Mary  river.  The  beds  exposed  in  this  section  belong  to  the 
top  part  of  the  Belly  River  series,  below  the  coal  seam.  The 
fossils  found  are  considered  to  represent  freshwater  s[)ecies. 
The  section  in  descending  order  follows: 


Sutton  in  Sec.  20,  Tp.  6,  Ranie  21. 

Feet  Inches. 

Boulder  clay,  light  yellowish  to  grey,  about 30  0 

Brown  and  grey  sandy  clay  shale,  with  plant  remains 0  6 

Rusty  shale  with  Vivtparus  Leai 0  5 

CofTee-coioured  to  blue-black,  soft  shale,  V.  Leai  in  upper  part.  . .  1  10 

Carbonaceous  shale,  with  a  thin  streak  of  coal 1  5 

Brown,  carbonaceous  shale 0  7 

Soft  shale,  weathering  light  grey 0  10 

Blue-grey  shale -  6 

Blue-grey  shale,  softer  than  above 1  10 

Sandy  shale 1  3 

Grej  jhale  (3  inches  sandy  in  middle) 3  0 

Carbonaceous  shale,  unio  shells  at  top 2  10 

Coffee -coloured  shale 0  2 

Grey,  soft  sands,  irregular  in  thickness,  unios 0  3 

Brownish-weathering  grey  clay 3  0 

Carbonaceous  shale "  6 

Dark  clay,  weathering  light  grey 1  2 

Light,  bluish-grey,  sandy  clay,  with  unios 1  0 

C.rbonaceous  shales 1  0 

Light-green,  soft  clays  (yellow  at  top) 0  7 

Cirbonaceous  sh.ile 0  7 

■'-     -een-grey  clay 1 '  0 

(         ed  sandstone  to  waters  edge 5  6 

75         9 
SECTIONS    ON    OLDMAN    RIVER. 

From  a  point  on  Old  man  river,  about  2  miles  above  the 
mouth  of  the  Belly  river  and  just  south  of  Monarch,  eastward 
to  the  vicinity  of  Lethbridge,  the  underlying  rocks  are  the  marine 
shales  of  the  Upper  Pierre.     They  are  very  soft  and  easily  eroded, 


88 


and  probably  had  been  planed  to  a  low  level  previous  to  the 
advent  of  the  continental  glaci?r.  The  present  surface  docs 
not  show  the  depression  caused  \y  the  crositin  of  those  beds  as 
it  is  filled  by  a  great  thickness  of  boulder  clay.  The  tracing  of 
the  coal  seam  lying  at  the  base  of  ihe  Upper  Pierre  has  shown 
that  several  minor  warpings  and  slight  faults  occur  in  the  meas- 
ures; and  bfirings  to  the  east  of  the  present  mines  have  demon- 
strated that  in  that  section  the  beds  irrying  the  scams  had  been 
eroded  previous  to  the  deposition  of  the  boulder  clay  covering. 
Dawson  has  described  the  exposures  on  the  banks  of  this  stream 
as  follows': 

"The  base  of  the  Pierre  shales  is  reached  at  the  mouth  of 
the  St.  Mary  River,  and  the  angle  between  the  two  rivers  to  the 
east,  shows,  in  a  scarped  bank,  the  greyish  and  yellowish-grey 
shales  and  sandstones  of  the  next  subdivision  of  thi  Cretaceous 
in  descending  order,  with  the  associated  coal,  which  is  considered 
as  forming  the  base  of  the  Pierre  group.  The  section  in  this 
bank,  as  measured  by  Mr.  McConnell,  is  as  follows,  the  order 
being  descending: — 

1.  Dark  shales 

2.  Ironstone o  6 

3.  Brownish;  shaly  sandstone 2  0 

4.  Finely  laminated  dark  shales t  0 

5.  Oyster  bed ^  g 

6.  Coal [.'  0  10 

7.  Carbonaceous  shales o  9 

8.  Laminated  dark  shales 9  0 

9.  Coat 0  9 

10.  Carbonaioous  shales 0  9 

11.  Laminated  dark  shales 10  0 

12.  Carbonaceous  shales j  1 

13.  Coal  (3  ft.  to  3  ft.  6  in.) ]  3  6 

14.  Carbonaceous  shales 3  0 

15.  Laminated  dark  shales 2  0 

16.  Yellowish- weathering  sandy  shales 30  0 

17.  (Concealed) 5  0 

18.  Li|;nitic  shales 3  0 

19.  Laminated  dark  shales 6  0 

20.  Brownish  sandstone 3  0 

21.  Hard,  greyish  sandstone,  topped  with  ironstone 1  2 

22.  Lignitic  shales 5  0 

23.  (Concealed) 15  0 

24.  Soft,  greyish  and  yellowish  sandstone 25  0 

'  G«ol.  Suit.,  Can.,  Rept.  of  Prog.,  1882-85-84,  pt.  C.  pp.  69-7J. 
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"From  the  mouth  of  the  St.  Mary,  the  (Oldman)  river 
runs  three  miles  eastward,  and  then  turning  sharply  at  right 
angles  flows  northward  fm  about  the  same  distance  tf)  the 
point  known  as  "Coal  Banks"  or  the  "Colliery."  This  part 
of  the  river-valley  is  entirely  excavated  in  the  suh-l'ierre  rocks, 
a  portion  of  the  upper  part  of  which  has  just  been  dcsiTibod, 
and  which,  from  the  fine  sections  whi\.-h  occur  here  and  at  other 
points  further  down  the  liver,  I  have  designated  in  a  previous 
report  as  the  Bell  Riv'.-r  ri";'.  The  rocks  of  the  BelK  River 
series,  though  at  lirr^t  sight  les^mbling  those  of  parts  of  tiie  Lara- 
mie, and  particularly  that  portion  of  it  which  has  been  described 
as  the  St.  Mary  River  sulKlivision,  arc  found,  on  closer  examina- 
tion, to  difTer  considerably  in  the  more  massive  and  irregular 
charai  ler  of  the  beds,  and  their  generally  softer  and  more  earthy 
condition.  There  is  a  marked  absence  of  the  regular  and  often 
flaggy  sandstones  which  occur  so  frequently  in  the  younger 
series,  the  sandstones  of  the  Belly  River  ^llbdivisi()n  being  gener- 
ally thicker,  and  almost  always  more  irregularly  hardened,  while 
ironstone  is  much  more  abundant  and  occurs  in  larger  masses. 
The  scarped  banks  of  the  river  in  this  part  of  its  course  are  cut 
by  numerous  deep  ravines  or  coulees,  and  frequently  show 
bad-land  weathering.  In  colour  the  beds  arc  generally  grcyiJi, 
or  yellowish  or  greenish-grey,  but  nearly  always  quite  pale 
in  tint.  The  ironstone  nodules  are  often  very  large  in  the  sec- 
tions now  described,  and  generally  septarian,  the  internal  fissures 
being  filled  with  calcite  or  lined  with  that  mineral  in  rhombo- 
hedral  crj  stals.  The  only  organic  traces  here  met  with  were 
fragments  of  bones,  doubtless  reptilian,  but  so  much  broken 
as  to  yield  very  little  informatioi  .  In  many  cases  the  bones 
appear  to  have  been  roimded  and  water-worn  before  their  inclu- 
sion. The  Ix^ds  are  to  all  appearance  fiat,  and  the  thickness 
exposed  in  the  banks  is  about  200  feet. 

"At  the  pr ■  ";nown  as  Coal  Banks  (Plate  VIIl),  the  out- 
crop of  the  coal  king  the  base  of  the  Pierre  shales,  which  has 
run  northward  west  of  the  river,  again  appears  on  the  left  bank. 
From  this  point  to  B'g  Island — a  distance  of  twelve  miles  in  a 
direct  line — the  river,  though  with  numerous  minor  flexure", 
pursues  a  general  north-north-eastward  course  and  nearly  follows 
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the  out-crop  of  the  coal-bearing  horizon  and  base  of  the  Pierre. 
The  line  of  outcrop  is,  however,  somewhat  sinuous  in  outline.  It 
crosses  the  river  just  north  of  Coal  Banks,  and  making  a  sweep, 
the  exact  outline  of  which  is  uncertain  owing  to  the  thickness  of 
the  drift  deposits  which  here  form  the  whole  surface  of  the  country, 
re-cro.x.ses  the  river  to  the  left  or  west  bank,  atxjut  six  miles  above 
Big  I.sland.  Thence,  owing  to  the  slight  divergence  of  the  line 
of  strike  and  main  course  of  the  river-valley,  the  coal-lxaring 
horizon  may  l>e  observed  gradually  rising  in  the  bank,  till  it  is 
eventually  cut  ofT  by  the  base  of  the  drift  deposits  near  Big 
Island,  and  is  not  again  seen  on  the  river.  In  consequence  of 
the  above  described  eastern  sinuosity  of  the  outcrops  of  the  base 
of  the  Pierr^,  a  portion  of  the  valley  extending  nearly  five  miles 
northward  front  the  coal  crops  near  Coal  Banks  is  entirely 
occupied  by  the  Piei.-e  shales.  The  light  undulating  character 
of  the  dips  renders  it  impo-^ible  to  estimate  the  exact  depth  l)clow 
the  bottom  of  the  valley  at  which  the  coal  would  be  found, 
but  it  is  probably  not  over  500  leet  midway  between  the  northern 
and  southern  exposures.  Besides  the  obvious  method  of  working 
the  visible  outcrops  of  the  coal  seam  on  this  part  of  the  Belly 
River,  it  might  thus  also  be  reached  with  facility  by  shafts  in 
the  concealed  interval,  and  the  exact  definition  of  the  attituHo  »,' 
the  beds  becomes  a  matter  of  considerable  importance. 

"The  (Oldman)  valley,  in  that  part  of  its  course  between 
Coal  Banks  and  Big  Island,  is  about  300  feet  in  depth,  with  an 
average  width  of  nearly  a  mile,  while  the  drift  deposits  underlie 
the  surface  of  the  plain  to  a  depth  of  about  100  feet.  The  river- 
valley,  therefore,  cuts  into  the  Cretaceous  rocks  to  a  depth  of 
about  200  feet,  and,  with  its  ramifying  coulees,  present-  remarka- 
ably  fine  sections  of  these. 

"Hpving  thus  briefly  described  the  general  mode  of  occur- 
rence of  the  coal  on  this  part  of  the  river,  the  following  more 
detailed  notes  on  the  outcrops  which  ccur  will  serve  to  show 
the  actual  character  of  the  seam. 

"The  coal-bearing  horizon  embraces  several  associated 
seams,  but  only  one  of  these  is  here  of  sufficient  thickness  to 
be  worked.  This,  which  is  that  opened  at  Coal  Banks  in  "Sher- 
an's  mine,"  and  subse^ueatly  in  the  North-Westcrn  Coal  Com- 
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pany's  mine,  on  the  oppos'te  or  riKht  bank  of  the  river,  may,  for 
the  sake  of  clearness,  be  referretl  to  as  the  "main  scam." 

"At  Sheran's  mine,  the  coal  has  been  extracted  chiefly 
by  quarrying  along  the  natural  outcrop,  though  during  the  sum- 
mer  of  1882  a  small  level  was  begun.  The  outcrop  is  situated 
in  the  front  of  a  steep  scarped  bank  facing  the  river,  and  the  seam, 
which  at  the  southern  end  of  the  bank  is  about  ihirtv  feet  alxive 
the  water,  dips  away  below  thewaterat  the  northern  (Plate  VIII). 
The  following  scctio.i  shows  the  mode  of  occurrence,  and  associa- 
tion of  the  coal  in  the  bank,  but  does  not  ex  .id  upward  to  the 
base  of  the  drift  deposits: 


1.  Finely  laminated  grey  shale « 

2.  Coal  (shaly  Ix'low) ] 

3.  C.rey,  thin-btdiJ«l  shale 12 


Feel  Inches. 
0 


Main 
team 


Ironstone. 

Grey  ihale .',.......... 

Coal .]!.!..!. 

Grey  shale  and  nodular  sandstone,rarb<inatcou8 

below 

Coal 


6 
0 
.% 
9 

8 

0 
4 


9.  Shaly  parting  (often  almost  absent) 0        4 


10.  Coal 4 

11.  e'arbonaceoMS  shale 2 

12.  Grey  shale '...'.'..'.'. 2 

"    Ironstone ...'........,...'  0 

Greyish  and  brownish  shaJe ...........  3 

Carbonactf  us  shale ......'. ^ 

Coaly  shale '....'..... 0 

Grey  shale y 

Coal '.'.'.'.'.'.'.'.'.'.'.'.'.'. 0 

Carbonaceous  shale  (to  water) .........'..'...,.,  1 


13 
14 
15. 

16. 
17. 
18. 
19. 


0 
0 
0 
4 
0 
0 
8 
0 
4 
4 


Coal 

5 '4" 


'IR. 


"The  dip  at  this  place  is  about  N.  60°  \V.  (X.  83"  W. 
variatif.n  22°  46'  E.),  at  an  angle  of  fnc  to  eight  degrees 

"On  the  opposite  side  of  the  river,  at  its  next  !icnd,  th  wl 
seam  is  again  well  shown.  It  is  slightly  unfiulatinir,  md  dips 
gradually  away  below  the  water-level  at  the  n.  .  h"rn  end  of 
the  bank.  It  is  near  this  point  th.-,.  thg  N.  W.  ,  ro:nnany's 
mine  has  since  been  opened.  Thi-.  con>i  ts  of  a  lev-.  I  nm'  in  on 
the  strike,  and  is  already  well  situated  lOi-  a  large  outpiit.  The 
part  of  the  section  designated  above  as  the  main  seam  is  here  as 
follows: 
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Feet  Inches 

Coal }.        ^ 

Shaly  parting  (1  to  3  inches) "        t 

Coal ^ i_ 


Total  coal 4        ' 

"About  four  inches  in  thickness  at  the  base  of  the  seam 
is  here  laminated  in  texture,  but  appears  nevertheless  to  be  of 
good  quality.    The  general  dip  is  about  N.  27°  VV..  at  an  angle 
of  less  than  five  degrees. 

"From  this  point,  for  a  distance  of  five  miles  down  the  valley, 
as  above  stated,  the  dark  shales  overlying  the  coal  are  alone  seen. 
When  the  main  seam  again  appears,  on  the  west  bank  of  the  river, 
it  shows  the  following  section: — 


Coal.. 
Shale. 
Coal. . 
Shale. 
Coal.. 


Feet  Inches. 

1 

6 

0 

3 

4 

6 

,     1 

6 

.     2 

9 

Total  coal 8        9 

"The  lowest  division  of  the  seam  at  this  place,  is  apparently 
not  represented  in  the  sections  previously  described,  The  coal 
in  it  is  somewhat  laminated,  but  seems  to  be  of  good  quality 
The  dip  is  here  about  N.  87°  W.  at  an  angle  of  five  degrees. 

"About  three  miles  further  north,  extensive  exposures  of 
the  coal  are  again  found  in  the  scarped  bank  or  cliff  facing  the  river, 
at  a  height  of  about  one  hundred  feet  above  the  water-level, 
the  lower  part  of  the  bank  being  composed  of  the  greyish  and 
greenish-grey  beds  of  the  Belly  River  scries.  The  dip  is  light 
and  undulating,  but  on  the  whole  westward,  or  away  from  the 
river.     The  main  seam  is  here  composed  as  follows: 


Feet  Inches. 
6 

7 


Coal I        ^ 

Carbonaceous  shale "        , 

Coal j        ■* 

Carbonaceous  shale ;         , 

Coal ' t 


0 
3 

Total  coal 5      11 
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The  coal  here  appears  to  be  of  good  quality  throughout. 
"North  of  this  point,  the  coal-bearing  horizon  is  not  again 
found  well  exposed  on  the  river,  the  outcrop  running  to  the  west 
of  the  valley." 

The  coal  seam  referred  to  by  Dawson  as  occurring  at  Coal 
Banks  has  since  been  extensively  mined  on  both  sides  of  the  river, 
generally  by  shafts   from   the   surface.     The   mines  originally 
opened   at    the   outcrops   were   not   extensive.     Sheran's   mine 
(Plate  VIII),  on  the  west  bank  of  the  river  south  of  the  present 
railway  bridge,  is  now  practically  abandoned,  although  in  the 
past  small  amounts  of  coal  have  been  taken  out  for  local  needs. 
No  hoisting  machinery  was  installed  at  the  mine  and  the  ascent 
to  the  level  of  the  prairie  above  being  about  300  feet,  the  haul 
by  teams  was  expensive  and  slow.     On  the  opposite  bank  the 
city  of  Lethbridge  installed  a  pumping  and  filtration  plant  on  a 
small  flat  near  the  river  in  connexion  with  the  municipal  water- 
works.    The  coal  outcrop  just  behind  the  plant  has  been  utilized 
for  fuel  and  mining  operations  on  a  small  scale  have  been  carried 
on.     North  of  the  railway  the  Alberta  Railway  and  Irrigation 
Company  operate  two  mines  known  as  the  Gait  mines,  mainly 
to  supply  the  needs  of  the  more  thickly  settled  areas  to  the  east 
and  north.     No.  3  at  the  northern  edge  of  the  town  raises  the 
coal  340  feet  by  shaft.     The  section  of  the  seam  is,  approximately: 
top  bench  1  foot  6  inches;  clay  parting  from  2  to  6  inches;  bottom 
bench  2  feet  6  inches.     The  main  workings  extend  under  the 
bed  of  the  Oldman  river.       No.  6  mine  is  situated  about  2  miles 
farther  north  and  reaches  the  seam  by  a  shaft  about  390  feet 
deep. 

The  Royal  Collieries  Limited  operate  another  mine  on  the 
right  bank,  in  section  32,  almost  north  of  the  Gait  mines.  Under 
the  adverse  market  conditions  of  the  past  year  the  mine  was  idle. 
The  coal  seam  is  exposed  along  the  river  side  lying  almost 
horizontally,  and  is  mined  by  entry  from  the  bank,  with  an  out- 
side slope  to  the  level  of  the  prairie.  On  the  western  or  left  bank 
the  coal  is  mined  at  three  places,  namely:  Coalhurst,  Diamond, 
and  Chinook. 

Coalhurst.  The  Canadian  Coai  and  Coke  Company  (Plate 
VII),  Limited,  has  established  a  colliery  in  sec.  21,  tp.  9,  range  22, 
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W.  4th  mer.  The  coal  seam  has  been  traced  over  a  large  area  by 
borings,  which  show  that  it  has  a  general  westward  dip  but  does 
not  form  a  perfect  plane  and  is  affected  by  several  small  faults. 
At  the  shaft  of  the  colliery,  128  feet  of  boulder  clay— possibly 
an  interglacial  deposit  of  the  age  of  the  quartzite  drift  known 
as  the  Saskatchewan  gravels— overlies  stratified  material  which 
in  turn  lies  on  the  Pierre  shale  of  which  there  is  305  feet  above 
the  coal  horizon.    The  following  is  the  section  at  the  shaft: 

Feet  Inches, 

dav 128  0 

White  sandy  clay  with  layers  of  gravel 30  0 

Very  fine  loose  sand }j  ^ 

Gumbo  and  boulders ^°  " 

Moist  river  sand ^'  " 

Gumbo 19  n 

ii;!^';;;;;::::::::::::::;::::;::::::::::::::::::::::::::::3^ 

Coal °         ° 

1^ :::;;::::::::::  l  lo 

swe:::::::::::::::::::::::::::::::-  :::::"•: 20    0 

Coal _i ^ 

591        2 

The  location  is  in  sec.  21,  tp.  9,  range  22,  W.  4th  mer., 
where  the  surface  is  about  3,030  feet  above  sea-level.  The  eroded 
surface  of  the  shale  is,  therefore,  about  2,778  feet  above  the  sea 
and  the  top  of  the  coal  seam  about  2,444  feet.  To  the  north,  in  the 
southeastern  part  of  township  10  of  the  same  range,  borings  show 
that  there  is  a  change  of  almost  90  degrees  in  the  dip  of  the  coal 
seam  and  it  is  inferred  that  there  is  possibly  a  fault  in  the  measures 
or  a  series  of  faults,  as  local  faults  occur  in  the  Diamond  and 
Chinook  mines.  Drill-holes  in  sections  11  and  12  of  the  town- 
ship seem  to  indicate  the  occurrence  of  a  hinge  fault,  with  the 
westerly  dip  on  the  south  side  of  the  break  steeper  than  on  the 
north  side.  Other  drillings,  in  tp.  11,  range  22,  show  that, 
farther  north,  the  measures  dip  to  the  west  at  a  lower  angle. 

Diamond.  Mining  has  been  carried  on  rather  extensively 
at  the  Diamond  mine  situated  on  the  west  bank  of  the  river 
in  sec.  6,  tp.  10,  range  21.  The  entry  is  on  the  outcrop  of  the  seam 
in  the  bank,  about  IS  feet  above  the  water,  and  the  coal  is  hoisted 
up  an  outside  incline. 
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Chinook.  To  the  northwest,  In  sec.  12,  tp.  10,  range  22, 
is  situated  the  Chinook  mine,  operating  by  shaft.  The  coal 
seam  is  about  400  feet  below  the  surface,  and  the  seam  mined  is 
about  5  feet  in  thickness. 

The  surface  cover  over  the  dark  shales  is  thickest  near  the 
river  and  gradually  thins  as  the  river  is  left,  showing  that  an 
old,  very  wide  valley  has  been  filled  in.  It  is  believed  that  the 
complete  section  of  the  marine  part  of  the  Upper  Pierre  has  been 
penetrated  in  one  of  the  borings  in  the  neighbourhood  which 
shows  a  thickness  of  about  622  feet  from  the  so-called  Foxhill 
sandstones  down  to  the  first  small  coal  seam  above  the  Belly 
River  rocks.  It  shows  a  sandstone  member  near  the  middle  of 
the  section  and  sandy  shales  at  various  other  levels,  indicating 
the  recurrence  of  a  shore-line  and,  therefore,  an  unstable  con- 
dition of  the  crust  throughout  this  period  of  deposition.  Many 
of  the  records  of  borings  show  sections  of  the  lower  part  of  this 
Pierre  member.  A  record  published  in  a  previous  memoir' 
showing  an  almost  complete  section  of  the  Pierre,  is  here  repeated. 
Record  of  Well  Drilled  by  the  West  Canadian  Coal  Mining 
Company  on  Sec.  35  or  36,  Tp.  9,  Range  23,  W.  4th  Mer. 


Formation 

1 

Strata. 

Thickness 
in  feet. 

Depth    in 
feet. 

Upper  Pierre  or 

Bearpaw 

River  silt 

20 
12 
64 
19 
14 
14 

20 
32 
96 
115 
129 
143 
144 
166 
167 
260 
565 

Clay 

Shale 

Sandstone 

Shale 

Sandy  shale 

Ironstone 

1 
22 

1 

93 

305 

Shale 

Ironstone 

Shale 

Sandy  shale 

Belly  River  series... 

Sandstone 

Coal 

27 
3 

S 
15 
43 

592 
595 

600 
615 
658 

Top  of  coal  about  2,178  feet' 

above  sea-level. 
Shale 

Sandy  shale 

Shale  and  sandstone ' 

nf  th!'p"^^  '°  ^^'  *'?'f^  '"^^"  '^^^'  *"'*  50  feet  below  sandstone  at  the  top 
of  the  Pierre.     Ground  level  about  2,760.  ^ 

j°*^'  thickness  of  upper  marine  part  of  Pierre  about  615  feet. 

'  G«ol.  Surv.,  Can.,  Mem.  29,  pp.  78-79. 
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Piyami  coulee  probably  penetrates  the  boulder  clay  and 
the  old  river  drift  below  it  for  a  mile  or  more  from  the  river 
and  exposures  of  the  coal  seam  may  be  expected  to  occur  in  the 
vicinity.     A  short  distance  to  the  east  another  coulee  which  runs 
through  section  27  exposes  the  seam,  and  two  mines  of  a  primitive 
kind  are  established  on  the  top  of  the  bank  at  prairie  level. 
They  hav«  outside  slopes  to  the  coal  and  the  skips  are  hauled 
up  by  cable.    The  seam  is  reported  to  be  3  feet  thick.    This  is 
the  most  easterly  exposure  of  the  seam  on  the  river,     it  rises  to 
the  east  and  in  a  short  distance  outcrops  on  the  old  surface 
now  covered  by  over  100  feet  of  boulder  clay  and  river  wash. 
To  the  south  the  coal  outcrop  is  concealed  beneath  material 
filling  the  pre-Glacial  river  channel,  and  to  the  east  it  probably 
does  not  extend  far  beyond  the  areas  now  being  mined.     In 
the  record  of  a  well  drilled  at  Lethbridge  in  a  search  for  water 
and  gas,  no  mention  is  made  of  a  coal  seam  so  it  is  probably 
drilled  to  the  east  of  the  edge  of  the  coal  seam.    A  classification 
of  the  formations  passed  through  in  accordance  wit*^  the  divisions 
proposed  in  this  report,  gives  the  following  results: 

Record  of  Well  Boring  at  Lethbridge. 


Formation. 


Strata. 


Surface  deposits  299 
feet 


Sand 

Gravel 

Hard-pan  and  gravel. 

Hard-pan 

Sand  and  gravel 

Soapstone 

Gravel 


Thickness  in 
feet. 


Pale  beds  of  Belly 
River  formation 
651  feet 


12 
40 
138 
20 
59 
25 
5 


Depth  in 
feet. 


Shale 

Sandstone 

Soapstone  and  shale 

Sandstone 

Shale  and  sandstone 

Shale 

Soapstone  and  sandstone . 

Soapstone  and  shale 

Black  shale 

Soapstone 

Black  shale 

Sandstone 

Limestone ■  ■  ■ 


111 
24 
46 
30 

121 
36 
10 
73 
12 
15 

143 
25 
IS 


299 


950 
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Formation. 

Strata. 

Thickness  in 
feet. 

Depth  in 
feet. 

Black  shale 

36 

6 

158 

30 

10 
9 

20 
9 
9 

54 
9 

Limestone 

Black  shale 

Grey  shale 

Foremost  subdivision 

Black  shale 

brackish  water  350 

Sandstone 

feet 

Black  shale 

Grey  shale 

Sandstone 

Black  shale 

Sandstone 

t  inn 

Dark  shale 

80 

70 

60 

5 

Pakowki  shale,  215 

Lighter  shale 

feet 

Dark  shale 

Hard  dark  shale 

1  515 

Sandstone 

S 

4 

32 

47 

Milk  River  sand- 
stone 88  feet 

Green  shale,  very  hard .... 
Soft  shale 

Sand  rock 

1  603 

water 
bearing. 

Greenish  shale 

100 
142 

95 
125 
80 
30 
45 

Dark  shale 

Dark  shale  with  streaks  of 
white 

Colorado  formation. 

Calcareous  shale 

Dark  shale 

Light  grey  shale 

Dark  shale 

2,220 

'"Opposite  the  lower  end  of  Big  Island,  the  drift  deposits 
have  a  thickness  of  one  hundred  and  sixty-five  feet,  and  below 
them  two  coal  seams  of  a  few  inches  each  are  seen.  These  occupy 
a  horizon  a  little  below  the  main  seam,  and  have  a  gentle  dip 
westward  or  away  from  the  river. 

"At  Big  Island,  the  river  resumes  its  eastward  course, 
and  the  scarped  banks  continue  for  a  distance  of  four  and  a 
half  miles,  in  a  direct  line,  to  show  fine  exposures  of  the  series 
underlying  the  Pierre.  The  banks  generally  show  a  thickness 
of  about  one  hundred  feet  of  these  beds,  which  appear  to  be  prac- 

» G«ol.  Surv.,  Can.,  Kept,  of  Prog.,  1882-83-84.  pt.  C,  pp.  71-76. 
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tically  horizontal.  At  the  first  bend  to  the  south  beyond  Big 
Island  (Plate  III),  a  hard  sandstone  layer  about  fifty  feet  above 
the  water,  and  in  some  layers  charged  with  little  greenish-grey 
rolled  pellets  of  shaly  clay,  was  observ  ed  to  show  also  numerous 
casts  of  a  large  Unio  with  rounded  fragments  of  bone.  The 
inclusion  of  rounded  pieces  of  the  nearly  contemporaneous  clays  in 
the  sandstones  is  elsewhere  found  to  be  ratlier  characteristic  of  the 
upper  or  pale  part  of  the  Belly  River  series,  and  taken  in  connec- 
tion with  the  irregular  bedding  and  scattered  and  broken  charac- 
ter of  the  larger  bones,  would  seem  to  show  that  the  sheet  of 
water  in  which  the  beds  were  laid  down  was  a  somewhat  turbulent 
one.  At  this  place  a  detached  tooth  was  also  collected,  which 
Prof.  Cope  has  been  so  kind  as  to  examine,  and  pronounces  to 
be  that  of  a  carnivorous Dinosaurian,  which  as  it  comes  from  below 
the  Pierre  shales  may  be  a  Laelaps,  though  it  looks  much  like 
Aublysodon  of  the  Laramie.  At  the  next  bend  to  the  north, 
the  scarped  banks  of  the  river  are  275  feet  in  height.  The  upper 
one  hundred  feet  consists  of  drift  deposits,  elsewhere  described. 
Below  there  is  a  yellowish  sandstone  about  twenty  feet  thick, 
irregularly  hardened.  This  is  followed  to  the  water's  edge  by  a 
series  of  bluish-grey  and  greenish-grey  clays  and  sandy  beds, 
which  occasionally  become  hard  sandstones.  Below  this  point  a 
gap  of  about  a  mile  and  a  half  occurs  in  the  section  of  the  river 
in  wl  ich  a  few  scarped  banks  show  boulder  clay  only,  to  the 
water's  edge. 

"The  next  locks  seen  occur  at  about  six  miles  above  the 
mouth  of  the  Little  Bow  River,  and  are  supposed  to  represent 
the  summit  of  the  lower  or  yellowish  portion  of  the  Belly  River 
series.  A  rather  massive  yellowish  sandstone  here  appears  on 
the  north  bank.  It  forms  a  low  cliff  twenty  to  thirty  feet  high, 
at  the  edge  of  the  water,  and  is  overlain  by  greyish  and  yellowish 
sandy  clays  holding  some  selenite.  Similar  rocks,  and  appar- 
ently on  almost  exactly  the  same  horizon,  are  seen  in  several 
places  between  this  point  and  the  Little  Bow,  the  sections  being, 
however,  generally  near  the  water's  edge,  and  capped  by  a  heavy 
covering  jf  drift  deposits.  Coaly  layers  now  begin  to  appear  in 
the  rocks  in  some  places.' 

>  The  top  of  the  ForemoM  beds  would  thus  appear  to  be  aomewhat  below  the  top  of  the 
yellow  beds  aa  here  defined  by  Dawson. 
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From  the  mouth  of  the  Little  Bow  to  the  confluence  of  the 
Oldman  and  Bow,  rocks  similar  in  general  character  to  those 
last  mentioned,  and  probably  not  far  from  the  same  horizon 
contmue  to  appear  in  numerous  exposures.    At  seven  and  a 
half  miles  below  the  Little  Bow,  a  well  defined  coal-seam,  about 
eighteen  inches  in  thickness,  was  first  observed.     It  is  here  at 
a  height  of  about  twenty  feet  above  the  river.     The  sections 
not  being  absolutely  continuous,  and  the  character  of  the  beds 
somewhat  variable,  it  was  impossible  to  arrive  at  certainty  as 
to  the  equivalency  of  the  beds,  but  it  is  probable  that  the  coal- 
seam  just  mentioned  is  that  which  characterizes  the  banks  nearly 
to  the  mouth  of  the  river.     It  appears  at  a  height  above  the  river- 
level  which  varies  in  accordance  with  the  light  dips  by  which 
the  beds  are  affected.     The  rocks  associated  with  the  coal  are 
yellowish,  brownish  and  grey,  soft  sandstones  and  shales  with 
occasional  layers  of  ironstone.     They  show  numerous  alterna- 
tions of  colour,  and  produce  a  generally  banded  appearance 
in  the  banks  when  viewed  from  a  distance.     Near  the  coal  seam 
and  both  above  and  below  it,  are  several  carbonaceous  shales,' 
which    however,  are  not  very  constant.     The  greatest  thickness 
ol  beds  of  the  character  just  described,  seen  below  the  coal- 
seam,  was  about  one  hundred  feet.     Some  beds  on  this  part  of 
the  river  v.eld  fresh  and  brackish-water  molluscs  in  great  abun- 
dance, the  following  being  among  the  most  characteristic  forms  — 
Corhula  suhlrigonaUs,  Corbula  perundala,  Corbictda  Nebrascensis  ? 
lelatella  baptista?  Cassiopdla  n.  sp.     Campeloma  like  C    pro- 
ducta;  also  species  of  the  genera  Goniobasis,   Viviparus,  Physa 
Unto  and  Sphaenum,  as  yet  undetermined.     From   the  clo«=e 
resemblance,  lithologically  and  in  fauna  and  accompaniments 
of  the  beds  in  the  vicinity  of  the  coal  in  these  sections  on  the 
Lower  Belly,  with  those  seen  on  the  Milk  River  north  of  the  East 
Butte  fp.  44  c),  and  again  in  1874  nearer  to  the  Butte,  I  am 
inclined  to  suppose  the  almost  absolute  identity  in  horizon  of 
the  strata  in  these  localities. 

"At  a  mile  and  three-quarters  below  the  point  above  re- 
ferred to  at  which  the  coal  was  first  recognized  as  a  well-defined 
s^^m,  It  IS  found  at  a  height  of  fifty  feet  above  the  river,  still 
maintaining  a  thickness  of  about  eighteen  inches.     Its  greater 
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height  above  the  river  is  owing  to  a  light  northerly  dip  by  which 
the  measures  are  here  affected,  and  in  following  the  nver  m  its 
next  great  bend  to  the  south,  at  a  further  distance  of  about 
two  miles,  the  coal  is  about  one  hundred  feet  up  m  the  bank. 
Two  miles  further  on.  it  is  again  seen  on  the  opposite  or  right 
bank  at  a  similar  elevition. 

"From  this  point,  the  river  turns  abruptly  north,  making 
a  great  loop  which  may  be  called  Drift-wcKxl  bend.  Following 
this  reach  of  the  river  to  the  north,  in  about  a  mile  and  three- 
quarters,  the  coal-seam  comes  down  to  the  water's  edge.  It 
is  here  associated  with  yellowish  sandstone,  and  has  a  thickne^ 
of  three  feet  three  inches.  The  seam  here  appears  to  be  of  good 
quality  throughout,  and  this  is  the  most  favorable  locality 
observed  for  working  it.  The  coal  contains  9  •  18  of  hygroscopic 
water  only,  and  it  is  a  very  fair  fuel. 

"The  coal,  for  several  miles  to  the  north,  undulates  at  low 
angles  from  the  water's  edge  to  about  twenty  feet  above  it. 
It  varies  in  thickness  from  the  maximum  just  given  to  about 
eighteen  inches,  and  is  again  seen  with  the  latter  dimensions  at 
the  north-western  point  of  Driftwood  bend.  This  coal  was  not 
again  observed  in  anything  like  workable  thickness  on  the  Old- 
man,  and,  indeed,  from  this  point  to  near  the  mouth  of  the  river, 
the  sections  of  the  Cretaceous  rocks  are  comparatively  incon- 
siderable, the  banks  being  more  rounded,  and  vhe  greater  part 
of  the  depth  of  the  valley  being  excavated  in  drift  deposits, 
which  here  show  interesting  peculiarities  elsewhere  described. 

The  coal  horizon  described  in  the  above  extracts  has  been 
further  explored  and  several  small  mines  have  been  opened  on 
the  outcrop  of  a  thicker  seam  than  that  observed  by  Dawson. 
Where  it  is  mined  at  Elcan.  Tabcr,  and  near  Woodpecker  island, 
the  seam  seems  to  be  over  3  feet  in  thickness  and  appears  to  be 
near  the  bottom  of  a  series  of  sandstones  containing  fresh- 
water shells;  where  it  is  exposed  in  a  road  cutting  on  the  highway 
crossing  the  river  north  from  Taber  it  is  3  feet  6  inches  in  thick- 
ness, of  which  probably  3  feet  is  good  coal.  About  90  eet  ot 
sombre  grey  shales  containing  few  fossils,  underlie  the  coal  seam 
in  the  road  cuttings;  and  near  the  water's  edge  carbonaceous 
layers  occur  holding  a  few  fragments  of  unio  shells. 
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Coal  for  local  use  is  furnished  by  mines  alonR  the  river 
banks  and  a  a)lliery  has  been  established  on  the  railway  line  at 
Taber  from  which  shipment  is  made  to  outside  points.  The  seam 
is  about  90  feet  below  the  surface,  and  has  the  following  section: 
top  coal  7  inches;  shale  parting  3  inches;  bottom  coal  41  inches. 

The  exposure  mentioned  by  Dawson  as  occurring  nf)rth  of 
the  bend  is  probably  that  in  sec.  30,  tp.  10,  range  16,  W.  4th  mer., 
where  there  is  a  small  mine  at  the  top  of  the  bank.  Several 
of  these  local  mines  are  worked  only  in  the  winter,  the  demand 
for  coal  during  the  summer  Ijeing  very  light. 

Three  miles  above  the  confluence  of  Oldman  and  Bow  rivers 
exposures  of  the  underlying  Cretaceous  are  again  visible.  The 
following  measured  section  is  from  Dawson's  report.' 

1.  Banded  sandy  shales,  some  layers  cartonaccous. .  15  0 

2.  Nodulai,  yellowish  sandstone  (6  to  8  feet) g  0 

3.  Soft,  laminated  sandstone 4  g 

4.  Greyish,  nodular  sandstone .'.'...........'     4  0 

5.  Sandy  shales,  in  places  slightly  carlwnaceous.    Some  ironstone 

nodules  (Reptilian  bones  and  teeth  and  scales  of  Ganoids 

about  the  middle) 12  0 

6.  Nodular  ironstone 0  6 

7.  Grey,  sandy  clay ...■......'.......  3  0 

8.  Carbonaceous  shale,  or  impure  lignite 0  10 

9.  Grey,  sandy  shale 8  0 

}?■  ?|*'^'"'Kca'^'^naceou9  layer,  or  very  impure  iignite. . . . .  1  6 
n.  Altematm^  greyish,  yellowish,  and  purplish  sandy  clays,  with 

occasional,  soft,  or  nodularly-hardened  sandstones  to 
base  of  section.  Bank  presenting  a  generil  banded  ap- 
pearance, though  beds  poorly  exposed  in  detail,  about 90        0 

146      10 

These  beds  do  not  occur  in  continuous  exposures  along  the 
valley  but  it  seems  probable  that  they  belong  to  the  brackish- 
water  portion  of  the  formation  below  the  Taber  coal  horizon. 
They  occur  in  almost  continuous  exposures  along  the  river  from 
the  junction  of  the  Bow  and  Oldman  rivers  eastward.  The  fol- 
lowing general  section  of  the  Upptr  Cretaceous  is  from  a  well 
section  at  Taber.  The  division  of  the  beds  into  formations 
in  the  section  is  based  largely  on  their  correlation  with  exposures 
at  other  points  and  may  have  to  be  revised. 

'  Geol.  Surv..  Can.,  Kept.  <rf  Prog.,  1882-83-84,  pt.  C.  p.  76. 
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Ruord  ^  WM  BoHnt  ct  Tabtr. 


Formation. 


Surface  depotiti 
51  feet 


Pale  bedi  44  feet. 


Strata. 


Sandy  clay  and  anull  bould- 
ers   

Gravel  and  small  boulders . . . 


Shale  and  sandstone 20 

Shale  and  bends  of  limeatone    24 


Thicknesa 
Ft.        In. 


Depth. 
Ft.        In. 


41 

10 


Foremost    subdivi- 
sion 301  ft.  10 
in 


Taber  coal  seam 

Dark  shale 

Sandstone 

Shale 

Shaly  sandstone 

Shale 

Sandstone 

Mixed  limestone  and  sand- 
stone  

Dark  shale 

Sandstone 

Shale 

Mixed  sandstone  and  shale 

Shale 

Sandstone 

Shale 

Sandstone 

Shale 

Dark  shale 

Sandy  shale 

Mixed  shale  and  sandstone 

Black  shale 

Mixed  shale  and  sandstone 

Shale 

Shaly  coal? 

Shale 

Coal 

Dark  shale 

Sandstone  and  shale 

Mixed  black  slate  and  coal  . 


Pakowkl  shales 
211  feet 


9 
2 
3 
2 
14 
S 

5 

10 

4 

U 

24 

6 

S 

19 

57 

2 

3 

32 

12 

10 

7 

36 

0 

2 

0 

1 

17 
1 


95 


6 
6 
4 

8 

0 

0 

10 


396        10 


Shale I  8  I 

Limestone 0  6 

Sandstone I  5  o 

Shale ISO  0 

Sandy  shale ;  11  0 

Conglomerate j  2  0 

Sandy  shale :  4  0 


608 


ioj 


Fonmtloii. 

1                Strata. 

1 

ThlckncM 
Ft.        In. 

Depth. 
Ft.        In. 

Sanditone 

19 

0 
0 
7 
7 
4 

12 

12 
3 
0 

70 
0 

65 

0 
2 

1 
9 
0 
0 
0 
0 
0 
3 
0 
6 
0 

Coal 

Fireclay 

Darkihale 

Milk  River  sand- 

Sanditone 

itones  202  feet . . 

Shale 

iSandy  ihale 

Sanditone 

water  670 

Fireclay 

Coal..   

Sanditone 

Light  ihale 

Sandstone 

810 

Mixed  sandstone  and  shale  . 
Shale 

28 
67 

2S 
530 
460 

40 
120 
10 
50 
10 
50 
20 
20 

Shale  with  sandstone  pait- 
ings 

Benton  thale 
t,390feet 

Probably  sh.ile,  no  record 

Black  shale 

Grey  sandy  beds,  some  black 

shales 

Black  shales 

1 

White  sandstone 

5>andy  shii'es 

Fine-Krr.:ned  white  limestone, 
niack  shale 

2  200 

*^andftone 

2  22'- 

Cirey  conglomef  ite 

Daliota? 

White  sandstone   with   some 
dark  partings 

110 

2,350 

10 


SECTIONS  ON    SOUTH   SASKATCHUWAN    RIVER. 

The  valley  of  the  Saskatchewan  from  Bow  island  (Plates  I 
and  IV)  to  the  mouth  of  Sevenpersons  coulee  appears  to  be  much 
newer  than  the  valley  of  the  tributaries  above.  The  scarped  banks 
are  cut  through  soft  shales  for  the  most  part  and  under  ordinary 
weathering  processes  would  have  broken  down  in  a  short  time 
and  modified  the  valley  section.  That  they  have  not  done  so  is 
a  proof  of  the  recency  of  the  excavation.     The  rocks  exposed 
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arc  the  sombre  clays  and  sands  that  are  associatwl  with  the  coal- 
bearing  beds  of  the  Foremost  or  yellow  |x)rtion  of  the  Belly 
River  formation,  together  with  shales  that  probably  belong 
to  the  top  of  the  Pakowki  shales.  The  top  of  the  series  is  marked 
by  a  coal  horizon  and  a  mineable  seam  has  been  found  under- 
lying the  country  to  the  south  and  east  and  near  Taber  to  the 
west. 

The  upper  parts  of  the  escarpments  on  the  river  are  some- 
what yellow  in  colour  and  contain  several  sandy  layers  with 
streaks  of  coal,  beneath  which  Is  a  band  of  dark  clay.  About 
halfway  down  the  bank  there  is  an  irregular  shelf  caused  by  a 
second  sandy  series  of  beds  that  are  perhaps  slightly  harder  than 
the  shales.  The  lower  shales,  that  form  the  escarpments  near 
the  river,  show  both  lighter  coloured  and  carbonaceous  layers. 
These  beds,  excepting  certain  marine  members  at  the  base, 
probably  represent  the  brackish-water  series  underlying  the 
freshwater  beds  and  are  correlated  with  those  on  Milk  river 
cast  of  Pakowki  coulee.  Dawson  describes  this  part  of  the  river 
as  follows': 

"From  the  confluence  of  the  Bow  and  Belly  to  the  mouth 
of  Cherry  Coulee — eleven  miles  —  the  South  Saskatchcvin 
flows  in  a  narrow  valley  between  high  scarped  banks.  The 
rocks  exposed  are  those  illustrated  in  the  last  section,  and  con- 
tinue flat  or  undulating  at  very  low  angles.  Vegetation  is  almt- 1 
absent  from  many  of  the  slopes,  and  the  sombre  tints  of  the  clays 
and  sandstones'  give  the  valley  a  gloomy  and  forbidding  appiear- 
ance.  Some  of  the  beds  yield  fossils  in  abundance  embracing 
Ostrea  glabra,  Anomia  micronema,  Corhula  perundata,  Velalella 
baptista  ?  Melania  insculpla,  Campeloma  mtdtilineala,  Viviparus, 
Physa  Copei  var,  &c." 

The  collections  of  1881-84  were  identified  by  J.  F.  VVhiteavea 
and  recorded  in  Contributions  to  Canadian  Palaeontology, 
vol.  I.  The  forms  collected  from  this  vicinity  as  given  in  the 
above  publications  include  Rhytophoriis  glaber,  Planorbis  pauci- 
volvis,  Physa  copei,  Ostrea  subtrigonalis,  Velalella  baptista,  and 
Anomia  micronema,  collected  at  the  mouth  of  Bow  river  and  the 


>  Gcol.  Surv..  Con.,  Rrpt.  of  Prog.,  1882-U-M.  pt.  C. 
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following  from  a  point  af)out  a  mile  lx?low  the  forks:  Rhytophorus 
glaber,  Ostrta  glabra,  AnoJonla  paralUla,  Vnio  dnieyanus, 
U.  siipragibhosus,  V.  sentctus,  Corbula  subtrigvnalis,  Campeloma 
produria,  Velalella  baplisla,  Goniobasi:  subtortuosa,  and  \'n'ipan4s 
conradi.  A  similar  fauna  was  collixtcti  near  Chcrr>'  coulee 
from  Intls  alH)ut  35  fttt  alxjve  the  river  and  includes  Corbula 
stibtriiionalis,  Planorbis  paucivolvis,  Physa  copei,  Thaumastus 
limnaijormis,  Velalella  ba^nisln,  Melania  insiulpta,  Viviparus 
conradi,  and  Campeloma  mullilineata. 

The  IkxIs  at  the  top  nea  the  coal  seams  may  on  cIoht 
examination  show  more  freshwater  sjK'cies.  The  whole  series 
is  evidently  transitional. 

After  the  discovery  of  a  heavy  flow  of  gas  in  the  well  drilled 
near  the  South  Saskatchewan  river  on  sec.  15,  tp.  11,  range  11, 
VV.  4th  mer.,  commonly  known  as  "Old  Cilory,"  the  town  of 
Bow  Island  obtained  a  lease  of  a  small  area  at  the  top  of  the 
bank  and  had  a  well  bored.  This  gave  a  sufficient  supply 
for  the  town's  need  and  was  piped  thereto  a  distance  of  JJ  miles. 
The  drilling  company  fortunately  kept  samples  of  the  strata 
passed  through.  From  these  samples  it  was  possible  to  deter- 
mine the  thickness  of  the  Pakowki  shales  ami  the  Milk  River 
sandstones.  The  well  was  started  in  the  Foremost  Ix-ds,  passed 
through  the  Pakowki  shales  and  the  Milk  Ri\cr  sandstones, 
and  finished  near  the  base  of  the  Benton  shale.  The  top  of  the 
Foremost  beds  was  not  shown  in  the  reco.ds  and  the  bottom  of 
the  Benton  shales,  although  probably  reached,  is  not  definitely 
placed.    The  section  in  condensed  form  is  as  follows: 
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Section  at  Bow  Island  Well. 


Depth  from  surface      Character  of  beds 

Formation 

0  to      55          1     Surface  deposits 

Reasserted  boulder  clay 

55  to    270 
270  to     275 

No  samples 
Gravel 

Probably  pre-Glacial 
deposits 

275  to      300 

300  to      310 
310  to      370 
370  to      400 

Grey   shale,    brown   sand- 
stone, ironstone 
Shale  with  coal  seams 
Sandstones  and  clay  shales 
Sandy  brown  shales 

Foremost  beds 

400  to      630 

Brown  shale 

Pakowki  shales 

630  to     740 

Grty  sandy  shale,  probably 
sandstones     with     shale 
partings 

Milk  River  sandstones 

740  to  1,950 
1,950  to  1,955 

Blue-black  and  brownish- 

1  lack  shales 
Grey  shale,  gritty 

Benton  shale 

1,955  to  2,147 

No  samples                           ! 

2,147 

Sandstone,  gas  horizon          Probably  Dakota. 

Directly  north  of  Bow  island  in  sec.  36,  tp.  10,  range  11, 
W.  4th  mer.,  the  rocks  near  prairie  level  are  the  yellow  portion 
of  the  Belly  River  series  or  the  top  of  the  Foremost  beds.  A 
short  distance  below  the  surface  a  light  yellow  sandstone  forms 
a  fair  roof  for  a  3-foot  5-inch  coal  seam.  By  barometer  eli  \  ation 
the  coal  is  200  feet  lower  than  Bow  Island  station  or  about  2,400 
feet  above  sea-level.  Below  the  coal,  sombre  clays  and  dark 
sandstones  are  found  that  are  very  similar  to  those  in  Verdigris 
coulee.  Small  streaks  of  carbonaceous  matter  occur  about 
100  feet  below  the  coal  seam  and  above  it  there  is  a  shell  horizon 
as  in  Chin  coulee.  A  coal  seam  is  reported  to  occur  at  the  water's 
edge  but  it  was  not  seen.  Fossils  collected  at  about  75  feet  below 
the  upper  coal  seam,  seem  to  be  Anomia  obliqua,  Anodonla 
parallela,  Lunatta  ( ?)  obliqua,  Ptcria  fibrosa,  and  Ostrea  glabra. 
Near  the  water's  edge  or  below  the  shell  bed  and  the  lower 
lignite,  the  shales  are  probably  the  representatives  of  the  Fa- 
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kowki  shale,  though  this  is  not  certain.  The  absence  of  car- 
bonaceous matter  and  the  presence  of  marine  shells  distinguish 
this  division  from  the  Foremost  beds. 

The  coal  seam  near  the  top  of  the  bank  is  mined  at  several 
places  farther  east.  In  sees.  21  and  22,  tp.  12,  range  10,  two 
small  mines  are  worked  intermittently:  one  by  Jules  Lavine, 
and  the  other,  called  the  Maple  Leaf  mine,  by  R.  A.  Salisbury 
(Plate  X).  The  coal  is  hoisted  by  outside  slope  from  about  100 
feet  below  prairie  level.  The  valley  at  this  point  is  at  least 
300  feet  deep  and  the  rock  section  exposed  in  the  banks  probably 
includes  marine  shale  similar  to  the  Pakowki  exposures.  The 
river  section  measured  by  barometer  down  the  steeply  cut  ravine 
at  the  mine  is  as  follows,  in  general  terms: 

Section  in  Sus.  21  and  22,  '^JJJ^ange  10,  on  South  Saskatchewan  River. 


Strata. 


Surface  level  at  mine 

Boulder  clay 

Yellow  sandstone 

Coal 

Grey  sand  with  yellow  layers 
Yellow  sandstone  with  fossils 

Grey  sand 

Oyster  bed , , . 

Dark  grey  clays 

Streak  of  lignite 

Dark  clay 

Level  of  river 


Thickness 
Ft.         In. 


90 

10 

10 

10 

4 

95 

2 

S 

0 

IS 

0 

2 

0 

58 

0 

Elevation 
Feet. 


10 


290 


2,568 

2,468 
2,368 
2,348 

2,278 


The  principal  fossils  collected  from  the  oyster  bed,  70  feet 
above  the  level  of  the  river,  were  Ostrea  glabra  and  0.  sublrigon- 
alts.  In  the  yellow  sandstone  20  feet  above  the  oyster  bed  a 
greater  variety  was  found  including  forms  resembling  Viviparus 
leat,  Lunalia,  Rhytophorus  glaber,  Mactra  alia,  Corbicula  sub- 
tngonalis,  Thaumastis  limnceiformis,  Anomia  micronema.  Cor- 
hula  occidentalis,  and  Velatella  baptista. 

Directly  north  of  Winnifred  in  sec.  32,  tp.  12,  range  9,  W. 
4th  mer.,  where  the  valley  seems  to  be  narrower  and  the  top  of  the 
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bank  about  70  feet  higher  than  at  the  Maple  Leaf  mine,  the 
section  is  similar  in  a  general  way  except  that  the  coal  zone  is 
thicker,  streaks  of  lignite  appearing  throughout  100  feet  of  beds 
overlying  the  sombre  shales.    The  top  of  the  bank  is  about  400 
feet  above  the  river  and  by  barometric  readings  about  2,640  feet 
above  tide.    The  top  of  the  coal  zone  is  probably  at  the  same 
horizon  as  the  coal  at  the  Maple  Leaf  mine  about  8  miles  up  the 
river,  so  that  the  beds  dip  east  at  the  same  rate  that  the  river 
channel  descends.    The  top  of  the  section  is  not  well  exposed; 
it  probably  consists  of  boulder  clay  overlying  the  yellow  b-^ds  as  in 
the  last  section.    The  coal  zone  contains  probably  only  two  seams 
of  economic  importance.    At  the  top,  at  an  elevation  of  2,440 
feet,  the  lignite  is  quite  black  but  the  seam  is  divided  by  a  partmg 
of  clay.     At  the  bottom,  at  an  elevation  of  2,330  feet,  a  coal  seam 
has  been  burnt  out.    This  was  probably  the  best  seam  of  the 
series.     Below  this  100  feet  of  sombre  coloured  clays  holding 
brackish-water  fossil  ^  extend  to  the  water's  edge.    The  occurrence 
of  a  shark's  tooth  in  these  beds  shows  that  there  were  probably 
occasional  incursions  of  the  sea  during  the  period  of  deposition 
of  the  beds.    A  coal  seam  at  the  water's  edge  seems  to  mark  the 
base  of  the  brackish-water  series,  as  it  does  in  Verdigris  coul6e 
east  of  Warner.    The  following  forms  were  collected  from  the 
sombre  beds:   Ostrea,   Callista  deweyif,  Physa  copei,    Corbula 
perangiilata,  and  a  small  shark's  tooth. 
Continuing  Dawson's  description': 

"The  river  t'-om  this  point  to  the  mouth  of  Swift  Current 
Creek  was  examined,  and  a  track-survey  made  of  it  by  McCon- 
nell  in  the  autumn  of  1882.  Only  the  upper  part  of  this  traverse 
is,  howr-'  r,  included  in  the  area  of  the  present  report. 

"For  seventeen  miles  below  Cherry  Coulte,  beds  resembling 
those  last  described,  and  at  about  the  same  horizon,  continue 
to  appear  in  numerous  sections.  At  the  end  of  this  reach,  the 
beds  include  very  little  hard  sandstone,  and  the  brownish, 
greyish  and  yellowish  beds  alternate  with  carbonaceous  clays, 
which  become  impure  lignite  coal  in  some  instances.  At  this 
place  the  following  section  was  noted: — 


>  Ibid.  pp.  76-78. 
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Greyish  land* '««'  Inehu. 

LiptUe-coal,  ihaly ''' , 

Black  shales. \        0 

LipiUe-coal,  shaly. j        0 

Yellowish  argillaceous  sands. ..' ...'. ^        ^ 
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Below  this  point,  for  some  miles,  the  river  becomes  caiion- 
hke.  The  brownish  earthy-looking  beds  which  above  have  been 
exposed  m  the  river  banks  for  many  miles.  r,ow  occupy  only  one 
hundred  to  one  hundred  and  twenty-five  feet  of  the  lower  part 
of  the  scarps,  the  upper  half  being  composed  of  light  coloured 
greyish  beds,  between  which  and  the  former  the  carbonaceous 
zone  mtervenes.  This  arrangement  is  precisely  that  described 
on  the  Bow  and  the  horizon  is  undoubtedly  the  same. 

"At  a  point  twenty-two  miles  below  Cherry  Coulee  two 
seams  of  hgnite-coal  are  exposed,  the  largest  being  about  four 
f.^et  m  thickness.  Three  miles  further  down  the  followine 
j>ection  was  measured: — 

Yellowish  sandstone ^"'  Inches. 

Shales 

LigHite-coal  (fair  quality).'.'.'.'. *V  9 

Shales *  o 

Sandstone ' .' '  " }  3 

Lignite-coal  (fair  quality) ...... '. .'. \  2 

Shales *  0 

6  0 

26  9 
"The  higher  coal-seam  is  one  hundred  and  twenty-five  feet 
above  the  water-level.  Still  higher  in  the  section  two  more 
coal-seams  occur,  one  of  which  is  over  four  feet  thick.  It  may 
be  added  that  the  coal-bearing  zone  above  described  continues 
in  the  river  banks,  and  is  that  which  yields  the  lie -.'te-coal  of 
the  vicinity  of  Medicine  Hat,  which,  since  the  date  o:  u  e  examin- 
ation here  referred  to,  has  been  opened  and  is  already  somewhat 
extensively  worked.  A  slope  has  been  constructed  from  the  prai- 
ne  level  to  the  horizon  of  the  seam,  and  levels  run  in  on  the  coal. 
Ihe  screens  and  houses  of  the  mine  are  situated  at  the  head  o' 
tne  slope,  and  a  branch  line  has  been  constructed  to  connect  this 
point  with  the  Canadian  Pacific  Railway.  The  seam  worked 
here  varies  from  four  feet  six  inches  to  five  feet  four  inches  in 
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thickness.  It  contains  a  clay  parting,  which  in  some  places  is 
as  much  as  three  inches  thick.  PreUminary  openings  have  been 
made  elsewhere  along  this  part  of  the  river,  some  of  which  show 
a  seam  somewhat  thicker  than  the  above.  The  quantity  of 
fuel  here  available  is  practically  inexhaustible,  and  the  quality, 
though  inferior  to  that  of  Coal  Banks,  is  such  as  to  fit  it  for  all 
ordinary  purposes."  . 

The  mines  referred  to  above  were  situated  at  Stair  and  were 
probably  closed  after  the  railway  was  extended  to  Lethbridge. 
The  same  seams  were  afterwards  mined  at  Redcliff  for  domestic 
use  and  for  the  burning  of  brick. 

A  section  of  the  coal  measures  at  the  old  mine  measured  by 
J.  P.  Lawson  and  published  in  diagrammatic  form  in  the  1882-84 
report  is  tabulated  below.* 

Section  at  Coal  Mine  (Stair). 


Strata. 


Depth 
Ft.        In. 


Boulder  clay 

Light  sandy  shales  and  clays 

Dark  clay  shales /'W-" 

Impure  coal °  ?•  §  !" 


parting. 


.2  ft.  Sin 


Impure  coal °  {'•  ^  !" 

parting 2  ft.  8  in 

Impure  coal 0  ft.  6  m 


Hard  sandy  clay 

Coal 

Hard  sandy  clay  (ironstones) 

Coal 

Underclay 

Sandy  clay  and  clay  shale 

Clay  shale  with  oyster  bed  at  top 

Coal 

Shale 

Coal 

Clay 

Coal 

Sand  and  clay 

Coal 

Sand  and  clay 

Dark  sandy  clay 

Light  sandy  clay 


Height  of  general  prairie  level  above  low  water  in  Saskatchewan. 
Height  of  bank  at  old  coal  mine 


277  feet 
262  feet 


>  Ibid,  p.  78. 


0 
0 
0 
0 
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The  section  in  the  river  bank  at  Redcliflf  about  6  miles  west 
of  Medicine  Hat  shows  the  gradual  disappearance  of  sandy 
members  from  the  formation.  The  coal  horizon  is  near  the  top 
of  the  sombre  clays  and  is  overlain  by  yellowish  beds  less  sandy 
than  in  the  section  to  the  west.  The  measurements  and  des- 
cription are  from  a  paper  by  E.  H.  Sellhorn  in  "The  Canadian 
Clay  Worker"  for  July,  1914. 

Section  at  Rgdcliff. 

Thickness  in 

Sanciy  loam ■'I 

Clayey  sand  subsoil a 

Clean  sand '....'....'.,'. 15 

Grey  sand  with  boulders m 

Blue  shale  (pressed  brick  clay) in 

Dark  shale. ........'.'.'.'.'.'.'. 6 

Whitish-grey  sand <t 

Ironstone  nodules ■.■■..'............. 2 

Yellowish  grey  sandy  clay 20 

Dark  shale 14 

Ironstone  nodules !..]!!! 1 

Dark  shale 6 

Buff  sandv  shale c 

Coal '.'.v.'.'.'.'.'.'.'.'.'.'.'.'.'. 5 

Buff  sandy  shale 9 

Shells  (Ostrea  glabra,  O.  subtrigonalis) . ...........". 1 

Dark  blue  shale ji 

Coal  (worked  by  Redcli9F  Brick  and  Coal  Company).'. S 

Dark  clayey  shale 2 

Coal 3 

Bluish  grey  sand,  concealed  beds  to  river  probably  . ....  . . . '.  45 
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In  the  same  paper  the  statement  is  made  that  the  gas  wells 
bored  on  the  top  of  the  bank  are  1 ,234  feet  deep.  The  gas  sands, 
according  to  this  measurement,  are  very  nearly  on  the  same  level 
as  at  Medicine  Hat.  The  coal  seams  in  the  section  may  not  be 
persistent  or  of  economic  value  at  Medicine  Hat;  they  have  not 
been  exploited,  owing  to  their  concealment  in  the  banks  by  drift 
material  anc"  the  cheapness  of  gas  as  fuel.  The  sections  obtained 
in  the  gas  wells  show  a  general  thickening  of  the  clay  beds  at  the 
expense  of  the  sandy  formations  farther  west.  It  is  assumed 
that  the  beds  underlying  the  town  belong  in  point  of  age  to  the 
brackish-water  formation  exposed  at  Foremost  anu  that  beneath 
are  the  marine  clays  that  are  exposed  in  Pakowki  coulde  developed 
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in  much  greater  thickness  and  overlying  the  Milk  River  sandstone 
which  is  represented  by  brown  shales  with  a  thin  bedof  sandstones 
at  the  base.  The  locations  and  sections  of  the  wells  are  given 
graphically  in  Figures  2  and  3. 


Figure  2.    Positions  of  gas  wells  at  Medicine  Hat. 
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Figure  3.    Sections  of  gas  wells  at  Medicine  Hat. 
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CHAPTER  V. 
ECONOMIC  GEOLOGY. 

COAL. 

Detailed  descriptions  of  most  of  the  coa!  occurrences  have 
been  given  in  the  descriptive  part  of  the  report.  The  horizons 
in  which  the  coal  deposits  occur  are,  in  descending  order,  as  fol- 
lows: 

(1)  The  summit  of  the  Belly  River  series. 

(2)  The  upper  and  lower  parts  of  Foremost  beds. 

(3)  The  upper  mer.bers  of  Milk  River  sandstones. 

SUMMIT  OF  BELLY  RIVER  SERIES  OR  LETHBRIDGE  COAL. 


The  Lethbridge  coal,  the  principal  coal  horizon  of  the  west- 
ern part  of  these  plains,  has  been  fully  described  in  the  report  of 
1884.  A  few  sections  are  given  in  the  general  description  in  the 
present  report,  and  some  notes  on  the  mines.  The  following  sec- 
tions at  different  points  along  the  outcrop  are  repeated  for  pur- 
poses of  comparison. 

Middle  Coulie. 

Feet  Inches 
Coal  at  headwaters  about 1        6 

itagrath  Mine  (St.  Mary  River). 

Shale 5  0 

Coal 0  3 

Blackish  shale 6  0 

Coal 0  6 

Carbonaceous  shale 0  4 

Coal 0  8 

Carbonaceous  shale 0  6 

Ironstone  shale 0  6 

Blackish  shale 3  0 

Coal 1  0 

Carbonaceous  shale 1  f> 

Coal 2  0 

Grey  shale 4  0 

Coal 1  4 

Grey  shale 4  0 
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Bahtri  Mine  (SI.  Mary  iUttr). 
Coal Fettlnch4*. 

sh^e ::::;::::::::::::::::::::  ,5    } 

Coal 3        . 

Shale .......'..'.'.'.'.'.'.'.[ 

Mouth  of  St.  Mary  River. 

Oytter  bed »        ,. 

Coal :::;:::::::;;::::;•; 0  10 

Carbonaceous  ehale q        a 

Dark  shale o        n 

Coal :::::::::::::::; 0    9 

Carbonaceous  shale ' "  q        g 

Dark  shale lo        0 

Carbonaceous i         • 

Coal 1        1 

Shale ■.■.■'.'.'.'.'.'.'.'.:'.:'.'.'.:::'.'.:'.'.'.'. 

Shtrans  Mine  West  End  of  Bridge,  Lethbru     .    (Old  section.) 

Coal J         ^ 

Grey  shale 12        0 

Ironstone o        3 

Grey  shale ] ^         o 

Coal .....'.'.'.'.'.'.'.'.'.'. 0        8 

Shale  and  sandstone '         "  ■j  n 

Coal ;  ■ ; ; ■  ■  ,     . 

Shale :::::::::::::::  o  \ 

Coal 4  Q 

Carbonaceous  shale 2  0 

Grey  shale 2  0 

Ironstone «  . 

Shale '..'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.v. 3  0 

Carbonaceous  shale 3  a 

Grey  shale 2  0 

C^*^ '■'■'■'■'■'.'.'■'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.  0  4 

Lethbridge  CoUieries. 

Coal 0  g 

Shale ■)  9 

^^ ::::::::::::::;::;::;;::::::;  I  ^o 

^^^f 20  0 

"« S  6 

Oldtnan  River  (near  Diamond  Collieries.) 

Coal 1  A 

Shale :::::::::::;:::::::::::::;:::::::::  5  f 

Coal i  A 

Shale .■■.;;;."■; t  < 

Coal '.'.'.'.'.'.'.'.'.'.'.'..'.'.'.'.'.'.'.'.[['.'.'.'.'.'.'.  2  9 
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fftor  CktMtk  CMtrUM  (Btfint  fttof^'          A<l  Inckst. 

Ccal 0  5 

Riackihale 6  7 

Darkshmte 10  0 

Sandy  thale 3  S 

Coal 0  r 

BUckahale 3  2 

Coal I  0 

Sandy  (hale 0  7 

Coal 4  4 

Brown  thalc 0  4 

Coal 0  10 

East  Sid*  Oldman  Rimr  ICoal  Banlu). 

Coal 1  6 

Grey  shale 14  0 

Coal 0  8 

Grey  shale 7  0 

Coal 1  4 

Shaly  parting 0  4 

Coal 4  0 

Colt  Mint  No.  ). 

Coal 1  6 

Parting  2  inches  to 0  6 

Coal 2  6 

At  the  same  horizon  on  Bow  river  the  seam  has  the  following 

section: 

Coal 1  6 

Shaly  sanditone 13  0 

Carbonaceous  shale 2  3 

Coal 4  6 

Shale  and  snndy  clay 7  0 

Coal 1  0 

Carbonaceous  shale 1  0 

Coal 0  8 

This  coal  has  been  mined  in  the  vicinity  of  Lethbridge  since 
1882  and  has  been  in  demand  as  a  domestic  fuel  although  the 
opening  of  other  mines  nearer  the  centres  of  population  has 
seriously  interfered  with  the  output.  New  mines  have  been 
established  on  the  west  bank  of  the  river  since  the  official  tests 
of  coals  were  made  for  this  locality,  and  there  is  a  possibility 
that  higher  grade  coals  than  are  indicated  by  these  tests  may  be 
found,  especially  in  localities  where  the  covering  measures  are 
thicker.  The  coal  from  the  Gait  mine  was  tested  at  McGill 
university"  and  the  following  is  a  summary  of  the  results. 

■  Pub.  No.  83,  Mine*  Branch,  Dept.  of  Mine*.  Otum. 
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Analytii  of  Dry  Coal  from  CaU  Min4. 

Volatile  combustible  matter 37-5% 

Fixed  carbon 51.5 

A»h !  11  -0 

Calorific  value  of  dry  coal 11-710  B  T 

Calorific  value  of  coal  aa  fired 10-470  B  T 

Evaporation  per  lb.  a*  fired 5-92  Ibe 

Gaa  producer  teet,  Ibe.  per  B.H.P.  per  hr 2. i3  Ibe' 

Moiaturt;  in  mine  8-4%,  air  dried  7-9%. 


FOREMOST  BEOS. 

The  coals  of  this  horizon  are  widely  distributed  throughout 
the  district  and  are  found  practically  wherever  the  rocks  are 
exposed  on  the  side  of  the  old  drainage  channels,  and  on  the 
plateau  north  of  Milk  river.  Coal  of  good  quality  occurs  in  the 
vicinity  of  Taber  where  it  is  extensively  mined.  In  the  newer 
settlements  to  the  south  and  east  where  the  seams  are  near  the 
surface  many  small  mines  ure  operated  to  supply  the  local  demand 
for   fuel. 

In  the  western  part  of  Milk  River  ridge  the  formation 
passes  below  the  surface  and  is  exposed  in  the  Milk  River  valley 
and  at  the  end  of  the  ridge,  in  the  upper  part  of  Verdigris  coulee, 
and  on  the  higher  land  to  the  north  of  Milk  river.  The  coal 
was  first  found  on  Milk  river  west  of  the  MacLeod-Benton 
trail  and  good  exposures  of  the  seams  may  be  seen  in  the  cuttings 
for  an  old  irrigation  canal.  Other  seams  occur  in  the  yellowish 
portion  at  the  top,  also  near  the  base  of  the  brackish-water  series. 

The  seam  mined  near  Milk  River  station  is  apparently 
split  up  by  clav  bands.  The  section  at  Oborns  mirj  is  reported 
to  be: 

Coal Ffellnchtt. 

Bone }        S 

Coal ::::;:;::: }    x 

Clay ■       •    1        ° 

Coal 0        I 

Clay :::::: «    I 

^ 2      ,5 

In  Verdigris  coul6e  east  of  Warner  a  seam  near  the  bottom 
of  the  coulee  is  mined.    The  seam  is  probably  hard  to  mine  on 
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account  of  the  poor  roof  and  small  coal  content.    The  following 
approximate  section  was  measured  at  the  entry; 

Co<.i  ^.ftligniu Feellnc^,. 

Shale , '.'.'.'.'.'.'.'.'.['.'. 2        0 

Coal  fair  lignite '..'..'..'.'... 1        n 

Dull  lignite  high  in  oih |        q 

"~5        0~ 

Few  exposures  of  the  measures  are  found  for  several  miles 
eastward.  On  the  plateau  in  range  12,  there  are  several  outcrops 
and  on  the  road  running  between  sees.  IS  and  16,  tp.  3,  there 
has  been  some  mining  done  by  .tripping  the  surface  of  boulder 
clay,  and  quarrying  the  exposed  coal.  The  scam  is  reported 
to  be  30  to  34  inches  in  thickness  and  there  is  reported  to  be  a 
similar  seam  beneath  that  is  not  yet  mined.  The  seam  mined 
at  Bembridge  (Plate  XI)  is  reported  as  27  inches  thick  and  farther 
east  at  Hughson's  mine  in  sec.  10,  tp.  3,  range  11,  W.  4th  mer., 
it  shows:  coal  1  foot  5  inches;  clay  1  foot;  coal  1  foot  7  inches. 
In  the  valley  of  Milk  river  east  of  Pend-d 'Oreille,  Royal 
North  West  Mounted  Police  outpost,  the  coal  of  the  upper  part 
of  the  series  is  mined  in  several  places  by  the  settlers.  This 
seam  is  variable  in  thickness  but  is  between  3  and  4  feet,  and  is 
overlain  by  an  oyster  bed. 

On  Etzikom  coulee,  coal  is  reported  to  occur  in  range  15, 
and  around  Crow  Indian  lake.  In  Chin  couk-e  3  miles  east  of 
Foremost,  a  seam  about  3  feet  thick  occurs  in  the  yellow  beds  at 
the  top  of  the  exposures.  The  seam  is  overlaid  by  an  oyster 
bed  as  it  is  on  Milk  river.  In  the  vaiiev  n  -»h  of  Fovcmost 
a  coal  seam  is  mined  at  the  foot  of  the  slope.  About  2  miles 
west,  at  Roberts  mine,  the  seam  is  from  20  to  24  inches  in 
thickness  and  is  probably  10  feet  below  the  small  seam  found 
farther  east.  The  section  in  the  valley  is  best  given  by  the  well 
section  at  Foremost.  In  this,  there  is  given  streaks  of  coal 
through  about  SO  feet  of  beds.  The  coal  that  shows  in  the  valley 
belongs  to  beds  between  179  and  196  feet  below  the  top. 
The  upper  seam  is  mined  on  the  east  bank  of  Fortymile 
coul^  east  of  the  Bow  Island-Foremost  highway,  where  it  is 
reported  to  consist  of  two  14  inch  seams  separated  by  a  clay 
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parting  of  8  inches.  It  is  mined  under  a  cover  of  40  feet  in  wcs. 
14  and  15,  tp.  9,  range  11.  W.  4th  mer.,  where  it  is  2  feet  6  inches 
in  thickness  including  about  4  inches  of  shale,  and  is  probably 
the  same  scam  mined  farther  east,  in  Sevenpersons  couk-e 
(Plate  XM). 

South  of  Grassy  lake  e  seam  carries  about  2  feet  6  inches 
of  coal  and  is  mined  at  several  points  at  some  of  which  there  is 
possibly  a  small  underlying  seam,  of  little  account  except  where 
the  parting  Ix-tween  it  and  the  one  alK)ve  is  thin.  Ir.  a  mine 
on  sec.  2^,  tp.  9.  range  13,  W.  4th  mer.,  the  coal  is  2  '  tt  6  inches 
thick,  and  is  separate<l  from  the  lower  coal  b>'  a  ar>iiis  amount 
of  bone  and  clay  (1  f(X)t  thick  at  the  entry,  and  aliout  2  feet 
at  the  south  end  of  the  mine.  The  underlying  i-icam  is  1  foot  6 
inches  thick).  The  coal  on  section  25  in  the  same  township  is 
reported  to  be  about  3  inches  thicker. 

In  the  Oldman-Saskatchewan  valley  the  Foremost  Ik-iIs  are 
prominent.  A  low  anticline  brings  the  top  of  this  division  to 
the  surface  in  the  valley  to  the  west  of  Driftwfxxl  bend,  but, 
owing  to  a  northward  dip,  they  probably  pass  below  the  river 
valley  and  emerge  again  to  the  east.  The  coal  horizon  described 
by  Dawson'  does  not  exceed  3  feet  3  inches  at  the  outcrops.  Since 
the  earlier  report  was  written,  several  mines  have  been  opened 
on  the  seam,  now  known  as  the  Taber  seam,  and  in  many  of 
them  a  greater  thickness  of  coal  than  that  indicated  above  is 
found.  In  the  Taber  mine  the  coal  is  said  to  have  a  thickness 
of  48  inches  including  about  3  inches  of  clay  near  the  roof.  Di- 
rectly north  of  Bow  Island  station  the  coal  of  this  horizon  is 
3  feet  5  inches  thick  and  at  the  Maple  Leaf  mine  in  sec.  21,  tp. 
12,  range  10,  is  4  feet.  Coal>  of  the  same  horizon  occur  at  Re<l- 
clifT  and  in  the  valley  below  Medicine  Hat.  They  have  not  the 
high  fuel  value  that  the  coals  of  the  western  part  of  the  plains 
possess  and  are  of  lower  value  than  those  mined  at  Lethbridge. 
The  Taber  coals,  probably  the  best  of  this  formation,  have  been 
tested  and  the  following  summary  will  show  their  general  char- 
acter:' 


'  G«ol.  Surv..  Can..  Rept.  of  Prog.  1882-83^4,  pt.  C.  p.  75. 
>  Pub.  No.  8J,  Mine*  Branch,  Dept.  of  Mine*. 
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A  nalysis  of  Dry  Taber  Coal. 

Volatile  combustible  matter «  „„ 

Fixed  carbon...  3<5-0% 

Ash 49.9 

14-1 

Too 

Calorific  value  of  dry  coal 

Calorific  value  as  used       11-040  B.  T.  U. 

Evaporation  per  lb.  as  fired '' '^'^'^  ^-  T.  U. 

Gas  producer  test,  lbs.  per  B.H  P  nerhr o?i  !^^' 

Moisture;  in  mine  13%,  air  dried  1^7%; 2-42  lbs. 

MILK  RIVER   SANDSTONES. 

At  Red  creek  and  to  the  west  of  Coutts  streaks  of  -iKnite 
are  found  .n  the  upper  part  of  the  Milk  River  sandstone     The 

NATURAL  GAS. 
The  Bow  Island  area  may  be  taken  as  the  centre  of  the 
natural  gas  reg.on  of  southern  Alberta.  It  h'es  on  the  crown  .f 
ouTS  r  r,-"""^'  ^'''^''■"^  ^°  ^'^^  "-''^  -^  pXblyflaZing 
Milk  nver.  The  welLs  already  drilled  on  the  anticline  are  about 
sixteen  .n  number  and  about  2,000  feet  in  average  depth     The 

Efr  d.v  N  Ik"  '•'""'''-'''  '"  ^^  ^^'^"^  ^^"•«00,000  cubic 
leet  per  day.  Ne.ghbounng  towns  are  supplied  with  the  eas 
and  a  p.pe  hne  has  been  laid  to  Calgary.  160  miles  away  ' 
fh  lu  I  ^^'^  °^  ^^^  anticline,  that  is,  the  portion  toward 
he  south,  has  been  tested  by  boring  in  Etzikom  coulee  anS 
results  have  been  secured.  A  flow  of  10,000,000  cubic  Let  S3 
been  obtamed  from  about  1,345  feet  below  the  bott  m  o     h" 
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Belly  River  series,  or  2,200  feet  below  the  rocks  that  form  the 
surface  at  Bow  Island.  The  gas  horizon  is  the  same  as  that 
tapped  at  Bow  Island  and  is  shown  by  the  well  records  to  lie 
about  400  feet  above  the  parti-coloured  sands  and  shales  which 
are  believed  to  represent  the  top  of  the  Dakota.  Gas  has  also 
been  found  in  the  Grand  Trunk  Pacific  Development  Company's 
well  near  the  Intern  'ional  Boundary.  The  gas  obtained  from  this 
horizon  so  far  -..  •:r:'.r,'r,  i»  nearly  all  methane  (CH4),  with  less 
than  2  per  cer    jf  dther  gases,  r;  ostly  nitrogen  and  oxygen. 

In  the  re.  on  in  the  nei  r  abourhood  of  Medicine  Hat  the 
sandstone  men.l';-  .it  the  bat^ ;  of  the  Belly  River  series  seems 
to  be  filled  with  gab;  will.'  f-  rther  west  there  is  evidence  in  the 
Bow  Island  wells  that  there  is  water  with  the  gas  in  this  member. 
In  the  Taber  well,  water  was  encountered  and  farther  south,  on 
Etzikom  coulee,  and  in  the  well  at  Foremost,  water  alone  was 
found.  The  saturation  of  these  sandstones  with  water  taken  in 
at  their  outcrop  in  Milk  River  valley  has  helped  to  retain  the 
gas  in  the  Medicine  Hat  field. 

OIL. 

Prospecting  for  oil  in  this  region  has  been  expensive  and 
difficult.  It  has  so  far  served  to  show  that  oil  does  not  occur  in 
commercial  quantities  in  the  rocks  above  the  Dakota.  Below 
that  horizon  there  seeins  to  be  no  proof  of  the  presence  of  oil 
although  it  has  been  reported  that  heavy  oil  apparently  too 
thick  to  flow  freely  had  been  found  in  the  well  at  the  International 
Boundary,  also  that  heavy  oil  was  found  in  the  well  in  Etzikom 
coulee  in  Dakota  sandstone  along  with  or  just  beneath  a  heavy 
flow  of  salt  water. 


ARTESIAN  WATER. 

From  a  general  study  of  the  underground  geo!og>'  of  the 
region  it  has  been  concluded  that  an  area  of  large  extent  is  under- 
lain by  porous  beds  carrying  water  under  pressure. 

The  sandstones  along  Milk  river  are  porous  and  receive 
and  retain  the  water.  These  beds  form  an  arch  or  anticline 
which  crosses  Milk  river  and  which  broadens  and  flattens  to  the 
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north  with  a  general  downward  inchnation  in  that  direction. 
The  saturation   of   these  sandstones   is   continued    down   the 
slopes  .n  a  general  north  and  east  direction  until  balanced  and 
held  back  by  natural  gas  contained  in  the  pores  of  the  rock     As 
these  beds  are  covered  by  fine  textured  shales  the  contained 
water  is  under  a  pressure  dependent  on  the  height  of  the  source 
ot  supply  and  will  rise  to  approximately  that  elevation      As 
the  country  slopes  to  the  north  toward  the  Oldman  and  South 
Saskatchewan  nvers  there  is  a  large  area  in  which  the  depth  from 
the  surface  to  the  underlying  water-bearing  sands  i=     uite  uni- 
formly about  800  feet.    The  area  in  which  the  wa.cr  may  be 
expected  to  reach  the  surface  is,  however,  confined  to  the  part 
north  of  Chin  coulee  and  to  *he  lower  land  reaching  the  Milk 
river  by  way  of  the  Pakowki  Lake  depression.     In  the  absence 
ot  an  exact  determination  of  the  line  between  water  and  gas  by 
experiment,  the  northern  limit  of  the  water  has  been  placed 
tentatively  at  the  latitude  of  Purple  Springs  and  Bow  Island, 
but  east  and  west  of  these  points  it  may  trend  to  the  northward. 
1  he  area  that  nas  been  mapped  as  being  low  enough  to  warrant 
the  expectation  that  wells  sunk  in  it  deep  enough  to  reach  the 
Ml  k  Rner  sandstones  will  be  flowing  wells,  comprises  about  a 
million  acres.     This  area  may  be  restricted  on  the  north  by  the 
presence  of  gas  instead  of  water  and  also  may  be  restricted  to 
a  still  lower  level  than  that  marked  o%ving  to  a  possible  greater 
loss  of  head  than  that  allowed;  and  pumping  may  have  to  be 
resorted  to  m  the  higher  ground.     The  area  may  be  increased  to 
the  east  and  west  by  sinking  deeper  wells;  the  limit  of  depth 
assumed  for  the  area  marked  on  the  map  is  800  feet.' 

'  Gtol.  Surv.,  Can.,  Sum.  Kept..  1915,  p.  104 
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Kcproilmlions  iil   pl.itcs  illiisir.iliiii;  ln'>li«,iur  Imins  iil    l(ir.r.il   iiivnii- 
lir.iic^  foiinil  in  nnks  of  ilu-  Mdiil.iii.i  ki"""!'- 
Fi^;iir('  1.    .1h(||/iiii/(/  prupnlori-^  W  liili.ivr-.  (p.inis  J(>,  Mt>. 

From  I ;.  S.  C.  (  i>nt.  lo  Cm.  I'.il.,  vol.  1,  pi.  I.\,  lii;.  .'. 
2.    Aiioiloiitii  l>tiriitU'lit  While  tp.i>',i'  M)i. 

Kriim  Ui-vii'W  of  iidii-ni.iriiu'  fo^-ll  iiinlliiM.i  of  Ndrlli  .\imrli,i. 
r.^.  (..  S.  .\im.  Kipi.  ISSJ.  pi.  .MX.Iitf.  ,=;. 
i.     I'ltio stiifdiis  While  (p.ims  .U),  M>. 

I'rom  <'..  S.  ('.  Cmt.  to  ('.in.  I'.il.,  Mil.  I,  pi.  .\,  tiK-  -'. 
4,  4a,  4I>.      I'liio  prisms  var.  nhhn-vinliis  Stanton  ipa^e  75i. 

Krom  (iiol.  and   I'al.  of  Dnli.lli   Kivir  \ni\-,  \  .  S.  C.  S.   Hull. 
2.S7,  pi.  .Ml,  li^;s.  -',  .\,  1. 
4(',  4il,  4e.      (nio  primis  Mcik  .iiid  llayiliii  i|).im'  i'". 

From  r.  S.  (ieol.  Siinrv  of    IVriiioric-*,  vol.  I.\,  pi.  XI. I,  lu-. 
!<.i,  XI.,  Sc. 
.^,  .Sa.      Ciiio  ilitiur  \liik  ami  llaxdin  ip.ii;is  ,?6,  .?')'. 

Irom  I  .  S.  (hmiI.  Siir.iv  of    I'lrritorits,  vol.  IN,  pi.  XI. 1,  li^». 
.5.1,  M,. 
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>s^'>3^ 


KMM.AN ATIOX    OF    PLATE    XVr. 


l<i|)ro(lui;li()ns  of  plates  illii^tr.itiiij;  fri'>liwatiT  forms  of  fossil  invcrte- 
l)rates  found  in  rocks  of  the  Montana  Kfoi'P- 

Figure  1,  la.      I'nio  primcniis  White  ((Wtje  Mt^. 

Kroni  Kiview  of  non-marine  mollusea  of  North  America,  White. 
r.  S.  <;.  S.  Ann.  Kept.  1,S,S>,  p|.  XIV,  figs.  4,  S. 
2.     I'ni"  siipninihhosiis  Whiteaves  (page  M>}. 

From  ('..  S.  C  Cont.  to  Ian.  I'al.,  vol.  I,  pi.  X,  fig.  1. 
.?,  .?a.    I'nio  tlr,ivytiiius  Meek  and  llayden  {page  S9). 

From  t  .  S.  (leol.  Survey  of  Territories,  vol.  IX,  pi.  XI. I,  figs. 
2.\,  If. 

4.  I'liid  fiiii.iiifliis  Whiteaves  (|)age  .'6). 

From  ('..  S.  C.  ('(mt.  to  fan.  I'al.,  vol.  I,  pi.  IX,  ng.  4b. 

5.  5d.      Splutrium    formouim    Meek    and    Hayden    (pages   .?6,    ,?9). 

From   I'.  S.  Ceol.  Sui\ev  of  Territories,  vol.  IX,  pi.  XI, III, 
figs.  4li,  4<-. 
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1  M'l.AWTION   OF    P[.\ri:    XVII. 


Rcprodiirlioiis  of  pl.ites  illiistr.iting  fri-.luvatur  forni>  of  fossil  invuttc- 
liratcs  founil  in  roi  ks  of  llir  Monl.ina  uroup. 
I'iguiv  1.    Ctimprlonui  mullilinenlii  Meek  and  llaydcti  (pane  40 1. 

I'rom  I'.  S.  ("leol.  Survey  of  Tirritorics,  vol.  I.\,  pi.  XLIV.  Ims. 
la,  11). 

2,  2a,  21),  2c.     Ctimpi-lomu  prodiicla  White  'pajje  40). 

From  Review  of  noii-iiiariii"'  nioUiisea  of  .North  .\merica,  White. 
V.  S.  C.  S.  .\nn.  Kept.  1SS2,  pi.  XXVI,  fiRS.  21,  22,  23,  24. 

3,  Goniohiisis  nihlorluosa  Meek  and  Harden  (page  40). 

From  <;.  S.  I'.  Cent   to  ("an.  I'al.,  vol.  I,  pi.  X,  fig.  7. 

4,  4a,  41).     F.'\lophorus  uluber  Whiteaves  (p.iges  40,  46l. 

From  <..  S.  C.  font,  i.)  Can.  I'al.,  vol.  I,  pi.  X,  tigs.  4,  4a,  4b. 

5,  Sa,  5b.      Vivipiinis  lonradi  Meek  and  llayden  (page  40). 

From   I'.  S.  (jeol.  Surwy  of  Territories,  vol.    IX,    pi.    XLII, 
figs.  15,  15a,  151). 

6,  6a,  6b,  6c.     Thaiinuislus  timnaiformis  .Meek  and  llayden  (page  40). 

From  U.  S.  Ccol.  Survey  of  Territories,  vol.  IX,' pi.  XLIV,  figs. 
X,  8a,  8b,  .H, . 

7,  7a.     I'hysa  copei  White  (pages  36,  40). 

From  Review  of  non-inarinc  fossil  mollusca  of  Xorth  .America, 
White.     U.  S.  (;.  S.  Ann.  Rept.  1882,  pi.  XX\',  figs.  1,  2. 
7b,  7c.    I'hysa  copei  var.  canadensis  Whiteaves  (page  40). 

From  ("..  S.  C.  Cont.  to  Can.  Pal.,  vol.  I,  pi.  II,  tigs.  5,  5b. 
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•Xrl.AN  \T1I>X    OK    PI.ATK    XVIII. 


K(|pri)(liii  lions  (if  platis  illustratiiin  l)rackish-»ater  fornisof  fossil  iincrtc- 
l)ratts  loiind  in  nx  ks  of  I  he  Montana  uroiip. 
I'iHure  1,  la.    Oslmi  pulinn  Mirk  and  Haydin  (pane  26), 

Kroni  r.  S.  (iiol.  SnrvL'y  of  Territories,  vol.  I.\,  pi.  X,  hj;s.  2a,  2I>. 
2.    Ihlreti  iiliihra  Meek  and  llayden  ipajjes  .<5,  M>,  4,Si. 

From  I  .  S.  (leol.  Survey  of  Territories,  vol.  IX,  pi.  XI.,  fig.  21). 
.V    (>str,-ii  inonuilii  Meek  and  llayden  (pi(|{es  27,  ,?5). 

From  r.  S.  {'.eol.  Survey  of   Territories,  vol    IX,  pi.  XI,  fin.  4a, 

4, 4.1, 41),  4<.  ( Islrrti  siihlrii^oniilis  Fvans and  Shumard  (pages  27,,?5,.<6,.?9). 

From  Keview  of  non-marine  fossil  inollusea  of  Nortli  .\nieriea. 

White.     I  .  S.  (..  S.  .Ann.  Kept.  18«2,  pi.  XII,  tigs.  2,  i,  4,  5. 


KXl'LAXATION    OF    Pt-ATK    XIX. 

Ki'jirod 111  lions  of  plates  illustrating  brackish-watcr  forms  of  fossil  inverto- 
brates  found  in  rocks  of  the  Montana  Kroup. 
I'iguro  I,  la,  II).    Lorhiih  periindaLi  Metk  and  Kaydcn  (pages  ,?6,  4(t,  461. 

l-roni  r.  S.  Cn'ol.  Survey  of  Territories,  vol.  IX,  iil.  Xl„  liijs. 
4a,  41,,  4(1. 
1,  2a.     Corhultt  suhlri^onalis  .Meek  and  llay<len  (pages  .'6,  ,?0,  46). 

I-roni  r.  S.  ('.col.  Survey  of  Territories,  vol.  IX,  pi.  XI.,  fics. 
,?a.  .M>. 
.?,  3a,  .?!>.    Corhulit  periingulula  W'hitcaves  (page  .?')l. 

Kroni  C.  S.  ('.  I'ont.  to  Cm.  I'.d.,  vol.  I,  pi.  I,  figs,  .s,  5,i,  ,Sli. 

4,  4a,  41i,      I'lirhictild  lytheriformis  .Meek  and  Haydcn  (piigts  ,?'>,  4.si. 

I'roni  r.  S.  (ieol.  Survey  of  Terrtories,  vol.  IX,  pl  XL,  fiijs. 
5a,  Sc,  5e. 

5,  .Sa.     Cor  iruln  nccidentalis  Meek  and  llavdcn  ipages  19,  .^5,  .?6,  ,10). 

Iroin  ('..  S.  C.  I'ont.  to  Can.  I'al.,  v()l.  I,  pl.  1,  figs.  3,  .?a. 
ft,  6a,  6li,  (K-.     Anomiii  micronema  .Meek  (|Kiges  .'6,  .?8). 

From  Review  of  tlie  non-marine  fossil  mollusca  of  North  .\iner- 
ica,  White.  I'.  S.  C.  S.  .\nn.  Kept.  1.S8.',  pl.  XI 1,  figs.  6, 
7,  S,  II. 
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Pl.ATK    XIX. 


fil{s. 


KXPLANATION   OF    TI.  \TK    XX. 

Kt'produi'tioniiof  platen  illu^tratini;  hrackUh-watir  forni~ul'  fossil  Inverte- 
brates fuund  in  rorlca  of  the  Montana  Kroup. 
Finiirc  1.     Mrlania  insculpla  Meek  (piiRe  M)  . 

From  c;.  S.  C  C'ont.  to  fan.  I'al.,  vol.  1,  pi.  X,  fig.  6. 
la,  ll>.    Melania  insculpla  .Meuk  (page  4()). 

From  Review  (d  non-marine  fossil  niollusca  of  .North  .America, 
White,     r.  S.  (..  S.  Ann.  Kept.  1S82,  pi.  XXVI,  figs.  4,  .V 

2.  MeUmiii  whitemesi  Stanton  (piiRC  46). 

From  Ceol.  and  I'al.  of  the  Judith  River  Iwds,  V.  S.  (1.  S.  Bull. 
257.  pi.  XIII,  fi({.  5. 

3.  3a,  3li.  3c.  Si\.    Veliitella  baptista  White  (ikirc  40). 

From  Review  of  the  non-marine  fossil  mollusca  of  North 
.America,  White.  I  .  S.  <;.  S.  .\nn.  Rept.  1XS2,  pi.  XXIII, 
figs.  16.  17,  IH,  10,  20. 

4.  I'laiiortus  piiiicwolvis  Whiteaves  (|xige  40). 

From  (■>.  S.  I'.  (  ont.  to  tan.  I'al.,  vol.  I,  pi.  X,  tiu.  .>. 

5.  Ilydrohiti   siihi ylimlrim   While.ues   i)KiKe  41)). 

From  ( ..  S.'C.  Crmt.  to  (an.  I'al.,  vol.  I,  pi.  X,  tiK.  8. 


1S9 


I  I  All     XX. 


3a 
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3c 


3d 
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KXH.AN  ATKIN    OK    I'LATE   XXI. 

KeproductionM  ol  pl.ilc!)  illu!<(rjiinK  marine  forms  of  fo«8il  nivertebratea 
fount!  in  rocks  of  tin-  Montana  grou\i. 

Figure  1,  la.    Lingula  nitida  Merle  and  llayden  (patie  26). 

From  r.  S,  Ciiol.  Survey  of  Terrilorii*.  vol.  I\,  pi.  XW'III, 
figs.  18a.  IM). 
2,  2a,  21).    Chlamys  nehrascensis  Meek  and  Haydcn  {(WKe  27). 

F'roni  I'.  S.  Cieol.  Survey  of  Territo-ies,  vol.  IX,  |>l.  XVI.  f\vfl. 
6a.  61).  6e. 
i,  3a.  Pterin  ^Oxytoma)  nebrascana  Kvans  and  Shumard  (pages  27,  45). 
From  r.  S.  (".eol.  Survey  of  Territories,  vol.  IX,  pi.  X\'I,  fig.  -'b; 
pl.XXVIIl.tiK.il. 

4,  4i<,  41i.    Picria  {Pseiiiiopteria)  Jihrosa  Meek  and  llayden  (piiRc  27). 

From  r.  S.  (".eol.  Survey  of  Territories,  vol.  IX,  pi.  XVll,  fitjs. 
17a.  17ti,  17c.  17d. 

5,  5a.  5b.    Pleria  tinguiformis  F2vans  and  Shumanl  (i);i|{es  27.  45). 

From  r.  S.  (leol.  Survey  of  Territories,  vol.  IX.  pi.  XVI,  tigs. 
la.  II.,  1( ,  Id. 

6.  tnoteramus  hurnhini  Morton  (page  27). 

F'rotn  r.  S.  (ieol.  Survey  of  Territories,  vol.  IX,  pi.  XII,  tig.  ,?. 

7.  Inoieramus  stifrnsis  Owen  ((xige  27). 

From  Owens,  deol.  Surv.  of  Winsconsin,  Iowa,  and   Minnesot.i, 
pi.  VII.  fig.  i. 


I6t 

I'lMI     \\l 


^  I    £JK  A 


I  \n   \N\llii\   1)1     I'l Ml     wii. 

Kcpnidimiiin.  .,1   |,l.,t,-  illii^tr.iliiii;  ni.Mini-  Inrin,  ,.l  f,>,,il  invirlrl.r.ilcs 
IduikI  III  r.HkMil  ilii'  Mi.iii. 111.1  i;ri>ii|>. 

I  IKiiri-  I,  1,1,    /«»irr,i«;/,A /,HH///Hc,i/;((  ll.ill  ,111,1  .Mn-k  i  |>,ii;c   '7l. 

I  mill  (..  S,  C,  (oil!,  lo  C.in.  |',,|.,  vol.  I.  |,l.  \,  lii;,    i     I,, 
-.     /«i>,,nimi/s  :,iiii,.\>tiii  Mick  ,iii,l  II.imIim  i|i.ii;r  .'7,. 

Iroiii  I  .  ^   <..ol.  S,ir\r\-ol    lirnioriis,  \nl.  I  \.  |il.  .\|  \',  |i-     >,,. 


KXI'LAXATIO.V    OK    Pl.ATl;    XXIII. 

Keprodiictions  of  plates  illustrating  marine  forms  of  fossil  invert  urates 
found  in  roiks  of  the  Montana  group.  ><.n. urates 

Figure  1,  la.   Genitlia  recta  Meek  and  Havdcn  (page  28). 

From  I  .  S    C.eol.  Survey  of  Territories,  vol.  IX,  pi.  XXIX 
tigs,  la,  lb.  <  r  , 

GfrvMia  recta  var.  borealis  W'hitcaves  (page  '8) 

From  C.  S.  l.  (ont.  to  Can.  I'al.,  vol.  I,  nl.'  IV,  fig.  2. 
« ■      \nhetU  nnrki  Kvans  and  Shumard  (page  45) 

From  I  .  S.  (,eol.  Survey  of  Territories,  v.,1.  IX,  pi.  W,  figs.  3a, 

ModioU  altriniala  .Meek  and  Hayden  (page  2H). 
Ironi  L.  S,  (,eol.  Survey  of  Territories,  vol.  IX.  nl,  XXVUI 
figs.  «a,  SI) 
.i.     Mmlinta  (Brachydonles)  dichotoma  Whiteaves  (rages  '8    «) 
From  C.  S.  r.  Cont.  to  Can.  I'al.,  vol.  I,  pi.  IV,  fig.  3. 
0,  Oi.    .Ui></io/(i  tenwiJCH/^/u  Whiteaves  (|)age  .Wj 

From  (,.  S.  C.  Cont.  to  '  ..n.  Pal.,  vol.  I,  pi.  XXVI,  fig«.  2   2a 


i.  i.i. 


4.  4a. 
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CXI'l.ANATroN    .)!.■    n.ATi;    \,\|V 

fo„n.rr;;;r;;;';u'^^;;;;;^::'^?^;;r«  ■"■■"■"^  '"^'- "'  ^-"  ---'■-- 

I  iKiir.   I,  1.1,  .1,.     .\j„:„/„  ,,,ncMUa  Meek  an.l  llayden  (paKes  .>H   45) 

H«:.  i'u'iVmv"""^'  °'  ''""'"""•  ^-^  '^"  i"  ^x\  III. 

2.  2a,  21).     Voi'duievimsi  Meek  ami  Ilav.leii  (paKe  'Si 

'n«l  HI,"  Mm;'!,."''""^  "' ''"^"''""'''-  '■"'■  '^-  '•'•  ^^Vlll. 

f.     \oldia  Siilulii  Meek  and  llayd-n  (page  '8| 

fi',".J     '^   *■'■"'•  '^"'■"'>'  "'  Ti-Tntories,  vol.  IX,  p|.   .\\\ 
I.  1 1,  ij),  fM     /,„,„,,,  iubiinditla  Meek  (n.iKe  'S; 

2n!"2l.,  irri.'l'rie."^'""'  "'  r.-rriiorU,  vol.  IX,  ,.!.  X\ll,  f,,.. 
5,  .'i  I.  51)      l.iiiimi  oicidenUilis  .Morton  (page  28) 

'4.'.','  41)    ,:.''™'-  ^""■''^'  "'  Territories,  vol.  IX,  pl.  X\  II,  fi«,. 

"'  ""•  'Kni  ,'''s"r''"l  ■''"•■'""""  ■V/'"^''  ""'  "av.len  ,p..«es  >S.  45). 

ligs.  la,  il,,  I'f.  r;'"'-"'  ''-^^""^i''^-  ^"l-  'X.  pl-  XXXVIII. 


HI. 
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I:\1M.\N\T10N    Ol     IM.ATK    XXV. 

l<.-pro(liuii(>ii,  of  platfs  illiiMiMtinj;  marine  forms  of   f,.-,il  iiiv,Ttrl.rate« 
found  in  rocks  ol  iIh-  Moiii.in.i  Kroiip. 
Tigurc  1,  1 1.    Cyprimi  m;i;.i  Mii-k  anil  llayilrn  ((wgi'  2Si. 

From    1.  ^.   (icol.   Siirxiv  of  Tirritorics.  vol.    IN,   pi     \XI\ 
hjis.  7,1,  71).  •     •  • 

2.    Cyprimi  ot'ul.i  \,ir.  ulla  WliitiMVfs  ,p.im-  2H). 

lroMi(..  S.  ('.  lont.  to  (an.  I'al..  vol.  I,  pi.  \,  ti^.  .V 
.1,  .1.1,  Mt.    C  .v/)riH.(  uihslrupezifiirniis  U  hiteavi's  (p,iRi-  2^1 

lroiii(,.s.  (  .Cont.tolan.  I'al.,  vol.  I.pl.  .\.\I\,  li^s    '   5j    jj, 
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/^ 


i-:\i'i.  \s  \riii\  <ih    I'l.Mi    wvi 


Kr|iriMliiriii>n-  nl  pKiits  illii'^lr.itiny;  iii.irinc  loriiis  iil  (os-il  invrrtclir.itcs 
tuirm)  in  rotks  ot  (In    Mnniaii.t  ^rf>u|>. 

.  i'^iiri'  1.      Soli'(  iirliis  I  Td^iliis-  m  i  uleiiliilis  WliiiciM'S  '  iKi^o  Mt'. 

1  roiii  (..  S.  t  .  <  ,.,it.  loC.m.  I'.il.,  vol.  I,  pi.  \\I\,  lin.  4. 
2,  2.1,  ill,  2c,  2(1.    I'mliU'irdi'i  s^ihquiulrntii  l%v,in>,iii<l  Sliiiiii.irij  ip,ii;rs  ."), 
45 1. 

I  rom   1  .  S.  (irol.   Siir\ -v  dI    Tirritdrifs,   vdI.    I.\,   pi.    X.\I\, 
ti«-i.  .S.i,  .SI),  ,Sr,  M.  Vc.  ' 
',  .',1,  Ml,  .<r.      I'roliHiintiii  hore.ilis  Wliitcivos  (p^igc  2'". 

I  rom  C.  S.  (".  Corit.  toC.in.  I'.il..  vol.  I,  pi.  \  I.  tins.  1,  l.i,  2,  2.i. 
4.      I.iH'iiiiti  formnsi  Mick  .mil  II.iviIimi     p.im'  2'>>. 

I  roll!    r.  S.   Iliijl.    Siirviv    of    r<rritori('~,   vol.    I\,   pi.    WN, 
l>K.  -'. 
4.1.      /.iHcr/r/ij  formos'    Meek  .mil  ll.i\ilrii  -  p,ii;i'  2'*i. 

1  roinCi.  S.  C.  1  imi.  loC.m.  I'.il,,  vol.  I.  pi.  \.\IV,  li«.  .V 
.',  .>.i.      I'lillislii  nrlir,i\f.-iisis  Mcrk  .mil  ll.iy.liii  i  p.i^i'  2''i. 

Kroiii   I  .  S.  (itiil.  Siiiviv  111    lirriroriri,  vol.    I.\,  p.    1.S4,  tin*. 
l.S,  17. 
.^l).      I'liia.ili!  '  Dnsiniii/iihi  <l(:,i-yi  Meek  .mil  ll.iyilrii  ijMKf  !')<. 

Ironi  <  ..  S.  t  .  (out.  to  Cm.  I'.il.,  \ol.  I,  pi.  \  I,  lii;s.  4,  .>,  .^.i. 
'I,   <),i,   ()li,   dr.      Miiilni    {Cynihophnra)    \iirrt'ili:ihi    .\Iirk  .mil    ILivilfii 
iM^y  :')'. 
Kroiii    r.   S.    till)!.    '>ur\r\    ii(     rirriiuric-,    vol.    I\,    pi.    \\\, 
tiK'*.  ".1.  7li,  7c-,  7il. 
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3.1 


1 


\ 


!__.. 


'^A 


Vvvfti-^^-^^-^.. 


I  \n  \s     1  iu\ 


II    \C1      WVII 


l<ct)r<"liictiiiii»  of  plaii's  ilhi.ii.iliiiu  'ti  iniu'  luriiis  .,1  riiAnil  iiuirtclirilc* 
ImihiiI  ill  iiH  k^  iif  I  111'  M.iiitaii.i  <roup 

1  iRiirc  1,  1.1.     Miiilrii    Cymbobharai   ("n  M.ik  ml  H.imIoh  (pan.'  t<ii. 

From  1'.  S.  I'lool.  Sun-ev  of    I'-rn Dries,  vol.  1\,  |il.  XXWII, 
tiiis.  2.\,  Jli. 
>.  2.1.      Mtutra  (Cyniliophvrii)  ituilis  \l<>tk  ami  li.ivden  (pauM  -"',  40). 
From   I  .  S.   <  leol.   Survtv  of    Irrriinriis.   m>1.   !X.  pi.   W  II, 
finn.  \X.\,  ISb. 
.?,  .<a.     i'holitdomyii  fhrrnltiiitst  Mwlc  an.l  ll.iyiki  iiwse  .">i. 

From  I  .  S.  (leol.  Sur   i  >■  of    IVrritori.s,  vi.l     !\,  pi.  X\\l\, 
(h;s,  «.i,  Sb. 
4,4a.     Lwjuitha  U'>">''/i/i  imdiitti  Metk  ami  llavili'      |>ai;i-s  ."),  4(>i. 
Ironi  I  .  '^.  ('leol.  Survey  of   Tirritoru-s,  vol.  IX,  pi    XX.\I.\. 
fiKH.  la.  111. 
"    ■         .\>(fra  mi'feuMCwm  Meek  .mil  llay<l«'n  ip.ige  .«• 

Iroin    r     S.   Ccol.   Siirvtv  of    IVrritories,   vol     'X,    pi.    XSII, 
fiKH.  Ill),  lie. 
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From  I      S.  C.  Cont.  to  C  .m.  I'al.,  vol.  I,  |il.  X\\,  fin^    1,  2. 
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KM'I..\N ATIOS    OK    PLATK    XXVllI. 

Reproductions  of  plates  illustrating  marine  forms  of  fossil  invertebrates 
found  in  rocks  of  the  Montana  group. 

Kigure  1.  la.  .^^ S  t'T^J^'^o'^'ir^l'^  P--  V,  fi,s.  6.  6a. 

3.  Oo,,X^::J^^^^^^^^,  ,x.  Pl.  XXX. 

4  4a      NucuhM  bisulcala  Meek  and  Hayden  (page  45). 

4,  4a.     .v«t»^^  ^  ^  ^^^  g^^^.^y  ^j  Territories,  vol.  IX,  pl.  XV ,  figs. 

'  "•  ^l^^tcg^S^iJ^l^^lK^^f^^i.  XXXVH. 

,....     *(?^Scr^^^!>f  ^.Pl.piV^  fi««-  5.  5a. 
^-  ''"  'i;:.irg^SS^^H?i^^"»  XV,.,.  figs. 

8  8a,  8"'''&i^''fo«"»»''^l«k  and  Hayden  (page  >?0) 

From  f.  S.  r.eol.  Survey  of  Territories,  vol.  IX,  pl.  XXAI,  hgs. 
6a  bis,  6b  bis,  6c  bis. 
9      .lf(<r<.«  af/fMHafHj  Meek  and  Hayden  (page  30). 

From  r.  S.  C.col.  Survey  of  Territories,  vol.  ,X,  pl.  XI A,  ngs. 

1(1      finL^iV.iHpfrn/M  Meek  and  Hayden  (page  46) 

From  I     S    C.eol.  Survey  of  Territories,  vol.  ,X,  pl.  XV  111, 

It    wJ^Anisomyonalveolus  Meek  and  ,lay<len  (RB^  ^O). 

From  r.  s:  C.eol.  Survey  of  Territories,  vol.   IX,  pl-  XV  111, 

i>om  C.  S.  C.  Cont.  to  Can.  Pal.,  vol.  I.  pl.  V  H.  fife-  1,  A  -i'l- 
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EXPLAXATIOV   OF   PLATE    XXIX. 

Reproductions  of  plates  illustrating  marine  forms  of  fossil  invertebrates 
found  in  rocks  of  the  Montana  group. 

Figure  1    la.lb.lc.  Anisomyon  pateUiformis  M^ekand  Hayden  (pages30,46). 
Mgure  I,  la,  .^^^^  ^  ^  ^^^  ^^^^^  ^^  Territories,  vol.  IX,  pi.  XVlll,  hgs. 

2   2a.    V^nlkoropsi's  ttomeyana  Meek  and  Hayden  (pages  31.  W- 

From  I'.  S.  Geol.  Sur\-ey     f  Territories,  vol.  IX,  pi.  XXAIA, 

.?,  3a,  ^h^fult'tia  subcrassa  Meek  and  Hayden  (page  46). 

From  U.  S.  Geol.  Survey  of  Territories,  vol.  IX,  pi.  XXXIX, 

4,  4a,  ib^Tumtia  c'ondnna  Hall  and  Meek  (pages  30,  46). 

From  U.  S.  Geol.  Survey  of  Territories,  vol.  IX.  pi.  XXXll, 
tigs.  1  la.  Ill),  lie.  ,  .,  ,,  ,,. 

5,  -Sa.   Anchura  americana  Evans  and  Shumard  'page  31). 

From  V.  S.  Gc.l.  Survey  of  Territories,  vol.   IX,   pi.   XAXIl, 

6,  6a.   AponlwM  bianguhihi  Meek  and  Hayden  iP^'^%^^)-         ,^    . 

From  U.  S.  (ieol.  Survey  of  lernloncs,  \ol.  IX,  pi.  AlA,  ngs. 

6a,  6b. 
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EXPLANATION   OF    PLATE    XXX. 

Reproductions  of  plates  illustrating  marine  forms  of  fossil  invertebrates 
found  in  rocks  of  the  Montana  group, 

Fieurc  1,  la,  11).    Buculiles  compressus  ^y  {paf^es  31,  47). 

From  I".  S.  (leol.  Survey  of  Territories,  vol.  1\,  pi.  X.\,  figs. 
3a.  .11),  M: 
2, 2a.  BacM/i7ps(na/«s  Say  (page  31).        .      .  ,    v-x-    c 

From  y.  S.  C.eol.  Survey  of  Territories,  vol.  IX,  pi.  X.\,  figs. 
2a,  21). 
3,3a,3h,3c.    Banililes  asper  Morton  (page  i6).  .>.v--vi-v 

From  r.  S.  (ieol.  Survey  of  Territories,  vol.  IX,  pi.  XX.\1.\, 
figs.  10a,  101),  lOt-,  lOd. 


179 

Pl.ATh   XXX. 


EXPLANATION    OF    PLATE   XXXI. 


Reproductions  of  plates  illustrating  marine  forms  of  fossil  invertebrates 
found  in  rocks  of  the  Montana  group. 
Figure  1,  la.   Scaphites  subghbosus  Whiteaves  (page  32). 

From  G.  S.  C.  Cont.  to  Can.  Pal.,  vol.  I,  pi.  VII,  fig.  3;   pi. 
VIII,  fig.  la. 


2,2a. 


Scaphites  subgtobusos  Whiteaves  (page  32) 
From  G.  S.  C.  Cont.  to  Can.  Pal., 


vol.  I,  pi.  VIII,  figs.  2,  2a. 
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Ri'pro(liicti<)n>  of  plates  ilhi,tratini{  marine  I'orms  'I  fossil  invertebrates 
found  in  rotks  of  the  Montana  Kroup. 

Figure  1,  la.    PUuenticcras  phicenta  var.  inlercolK'.  'l.eU  (ixitte  il). 

From   r.  S.  C.eol.  Survey  of  Teiriiories,  \ol.  TX,  pi.   Will, 
tigs,  la,  tl>. 
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I'lATI    XXMll. 


KXPLANATION    OK    I'l.ATK    XXXIV. 


Kcproiliictions  of  plates  illustrating  inariiv  forms  of  fossil  invertctmitrs 
found  in  rocks  of  the  Montana  group. 

I'igure  1,  la.  Placenticerns  phuenia  DeKay  (iMge  .^2). 

From  r.  S.  (leol.  Survey  of  Territories,  vol.  IX,  pi.  XXI\',  tigs. 
_  2a,  21). 
2,  2a.  Sautitus  ilekayi  Morton  (page  i2). 

I'rom  r.  S.  (kol.  Survey  of  Territories,  vol.   IX,  pi.  XX\'ll, 
figs,  la,  11). 


EXPLANATION    OK    PLATE    XXXV. 

Repro>l,..n..ns  of  plates  iUu.tratinK  marine  forms  of  fossil  invertebrates 

^  From  U.  S.  C.eol.  Survey  of  Territories,  vol.  IX.  pi-  A.  ngs,. 

la,  lb,  Ic,  1(1.  ,  J. 

2.     /'„/^U5MfH.v(?)«r«.i/»s\Miiteaves    page  321. 

l-rom  C.  S.  C.  Cent,  to  (  an.  Pal.,  vol.  I,  pl.  NXV,  hg.  -». 
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PUBLICATIONS  OF  THE  GEOLOGICAL  SURVEY. 

The  Geological  Survey  was  established  in  1842  and  "Reports 
of  Progress"  were  issued,  generally  in  annual  volumes,  from  that 
date  to  1885,  the  first  report  being  that  for  the  year  1843  pub- 
lished m  1845.  Beginning  with  the  year  1885,  "Annual  Reports" 
(new  series)  were  published  in  volumes  until  1905,  the  last  being 
Vol.  XVI  1904.  Many  of  the  individual  reports  and  maps  pub- 
lished before  1905  were  issued  separately  and  from  1905  to  the 
present  all  have  been  published  as  separates  and  no  annual 
volume  has  been  issued.  Since  1910,  the  reports  have  been  issued 
as  Memoirs  and  Museum  Bulletins,  each  subdivided  into  series 
thus: —  ' 

Memoir  41,  Geological  Series  38. 
Memoir  54,  Biologica'  Series  2. 
Museum  Bulletin  5,  Geological  Series  21. 
Museum  Bulletin  6,  Anthropological  Series  3. 

In  addition  to  the  publicationa  specified  above,  a  Summary 
Report  is  issued  annually;  and  miscellaneous  publications  of 
various  kinds  including  Reports  of  Explorations,  Guide  Books, 
etc.,  have  been  issued  from  time  to  time. 
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Geological  Series  6.  Geology  of  St.  Bruno  mountain,  Province 
of  Quebec.  1910-by  John  A.  Dresser. 

Geological  Series  8.  The  Edmonton  coal  field.  Alberta,  1911— 
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